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ABSTRACT

Microalgae and cyanobacteria are fundamental components of aquatic ecosystems. Pollu-
tion in aquatic environment is a worldwide problem. Toxicological research on microalgae
and cyanobacteria can help to establish a solid foundation for aquatic ecotoxicological as-
sessments. Algae and cyanobacteria occupy a large proportion of the biomass in aquatic
environments; thus, their toxicological responses have been investigated extensively. How-
ever, the depth of toxic mechanisms and breadth of toxicological investigations need to be
improved. While existing pollutants are being discharged into the environment daily, new
ones are also being produced continuously. As a result, the phenomenon of water pollution
has become unprecedentedly complex. In this review, we summarize the latest findings on
five kinds of aquatic pollutants, namely, metals, nanomaterials, pesticides, pharmaceutical
and personal care products (PPCPs), and persistent organic pollutants (POPs). Further, we
present information on emerging pollutants such as graphene, microplastics, and ionic lig-
uids. Efforts in studying the toxicological effects of pollutants on microalgae and cyanobac-
teria must be increased in order to better predict the potential risks posed by these materials
to aquatic ecosystems as well as human health.

© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction

mans (van Hoof et al., 2019). Meanwhile, the freshwater en-
vironment is the source of drinking water for humans. Wa-
ter resource allocation in regions with increasing water de-

Aquatic ecosystems contain numerous aquatic organisms and
play critical roles in maintaining nutrient cycling and bio-
logical diversity (Leebens-Mack et al., 2019; Seymour et al,,
2017). Freshwater and marine ecosystems, the two main types
of aquatic environments, help regulate the global distribu-
tion of heat and provides a large amount of seafoods for hu-
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mands and declines in water quality and availability is a sig-
nificant societal challenge. Hence, protecting these environ-
ments from pollution, and toxicological evaluations represent
an important tool in this regard (Bekturganov et al., 2016).
However, owing to the open system of the aquatic environ-
ment, it captures all types of pollutants from many sources.
For instance, pollutants may flow from the soil into the sur-
face water through surface runoff (Cuevas et al., 2018). Studies
have shown that high pesticide concentrations in surface wa-
ters often occur after intense rainfall (Rasmussen et al., 2015).
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Therefore, low-frequency sampling may remarkably underes-
timate the maximum pollutant concentrations and fluxes.

The aquatic environment consists of aquatic organisms
and abiotic environments. Aquatic organisms include mi-
croorganisms, phytoplankton (algae), higher aquatic plants,
invertebrates, and vertebrates, and these organisms carry out
many ecological functions (Zhou et al.,, 2014). Among them,
microalgae and cyanobacteria, as important primary produc-
ers of aquatic systems, are of fundamental importance to pri-
mary production, ecological balance, material circulation, en-
ergy flow, nitrogen fixation and pollution degradation, and
their sensitivity to pollutants directly leads to overall deterio-
rations in many ecosystems (Ramakrishnan et al., 2010).

In-depth survey to microalgae and cyanobacteria as their
interactions with different pollutants can provide insights in
how pollutants change the development of organisms as well
as profound impacts on the environment. This is the reason
they are frequently used as model species in toxicology stud-
ies (Brayner et al., 2011; Dahms et al., 2011; Kumar et al., 2014;
Qian et al., 2008). Aquatic environments contain a mix of vari-
ous manmade pollutants, which can act together on all the liv-
ing organisms present in the environment. These pollutants
can also interact with each other (i.e., with pollutants from the
same or different categories) or with abiotic factors (physical
or chemical factors), thus resulting in combined stress effects
(Vasquez et al., 2014). In addition, owing to the existence of
a wide range of species interactions, the toxicological effects
in microbial communities are more complex than those on
any single species, and it is necessary to study in-depth the
combined effects of pollutants and their community-based
biological effects (Lu et al., 2019a; Zhang et al., 2019a). Most
toxicological studies have analyzed the effects of a single pol-
lutant on a single species. Their reductionist approach can-
not fully reflect the toxicities of the pollutants present in the
natural system. In addition, the toxicological effects of pollu-
tant mixtures on microbial communities also remain unex-
plored, as there are too many variables involved in such an
ecosystem. Owing to operational constraints (in the case of
long-term studies, the microbes present in the aquatic micro-
cosm are not accurately reflected in the natural water envi-
ronment, and adding pollutants to the natural water environ-
ment would resultin actual pollution), such studies are hard to
perform.

Herein, we review the existing literature on aquatic envi-
ronmental pollutants while focusing on the sources and fate
of these pollutants in the aquatic environment as well as the
toxicological effects of several major pollutant types on mi-
croalgae and cyanobacteria. We highlight the importance of
considering the effects of combined toxicity and microbial
community interactions on the biological effects of the pol-
lutants based on toxicological studies.

1. Types, sources, and fates of pollutants in
aquatic environments and their toxicity to
microalgae and cyanobacteria

According to recent reports, the main pollutants in aquatic
environments are broadly classified into the following five
categories: metals, nanomaterials (NMs), pesticides, pharma-
ceuticals and personal care products (PPCPs), and persistent
organic pollutants (POPs). The physicochemical properties,
sources, fate, and toxicity to microalgae and cyanobacteria of
these pollutants are different, which will be discussed in de-
tail in the following sections. Table 1 lists the concentrations
of some common pollutants in aquatic environments deter-
mined in recent years. Table 2 lists the toxic effects of several
common pollutants on different microalgae and cyanobac-

teria, which were the most studied species, likely because
they are the main producers and occupy the largest propor-
tion of biomass in aquatic microbial communities. Fungi, het-
erotrophic bacteria, and zooplankton have also been investi-
gated extensively in aquatic toxicology. However, it is worth
noting that the same pollutant may have different or even
opposite effects on various microorganisms, and the differ-
ent responses of microbes might, sequentially, influence the
metabolism of other microbes as well as the fate of the pollu-
tants, thus, in natural aquatic system, the effects of the pollu-
tants on a certain species are difficult to accurately predict.

1.1. Metals

Metals are an indispensable component of all living organ-
isms. As key cofactors participating in many cellular pro-
cesses, several metals in appropriate amounts are essential
for various life processes such as cell growth and proliferation
(Barnett et al., 2012; Kranzler et al., 2013). However, nonessen-
tial metals, such as Cd, Ag, and Hg, to name a few, are toxic
to organisms even at low concentrations (Lemire et al., 2013).
Metal pollutants in the environment can be divided into metal
organic pollutants, soluble metals (i.e., metal ions), and partic-
ulate metals.

Heavy metals exhibit a large concentration discrepancy
in aquatic environments, which can range from nanograms
per liter scale to the micrograms per liter scale (Table 1). The
distribution of metal pollutants in aquatic environments is
primarily dependent on the presence and types of local in-
dustry (such as mining, metallurgy, paint, battery, machin-
ery, hair dye, and electroplating facilities) and urban activi-
ties (such as traffic emissions and urban waste) (Guo et al,,
2017; Hepburn et al., 2018; Qi et al., 2018; Saleem et al., 2018).
The complexation of metal pollutants with organic matter
and their enrichment caused by microalgae and cyanobacte-
ria are the two primary fates of these pollutants in aquatic
environments. Heavy metals cannot be biodegraded. Adsorp-
tion by sediments and other organic matter is usually the ul-
timate fate for most metals (Hu et al., 2016; Mohammed et al.,
2011), even if they may be desorbed under certain environ-
mental conditions and subsequently re-enter the water bod-
ies (Jacobson and Philippe, 2004). In addition, they accumu-
late in microalgae and cyanobacteria and can be transferred
and aggregated at higher trophic levels through the food chain
(Espejo et al., 2018; Le and Ngo, 2013). Therefore, microalgae
and cyanobacteria have been employed as biological indica-
tors for monitoring the metal pollution of waters (Karina Yew-
Hoong et al., 2002; Mahmood et al., 2018; Pinto et al., 2003;
Xie et al., 2015).

Metals can replace essential cofactors in enzymes and pro-
teins, leading to abnormal metabolic activities in algae. For ex-
ample, the replacement of Mg by Cu ions in photosystem II
blocks the electron transport chain and inhibits photosynthe-
sis (Thomas et al., 2016). These abnormal metabolic activities
trigger the production of excessive reactive oxygen species
(ROS), a category of chemically reactive chemical species con-
taining oxygen. This, in turn, severely damages the cellular
components (such as lipids, proteins, amino acids, and nucleic
acids) and lipid membranes (An et al,, 2013; Qian et al., 2011;
Zhu et al., 2017).

In addition to metal replacement, several other mecha-
nisms can induce ROS overproduction. For instance, some
semiconductor metal oxides, such as ZnO and TiO,, which de-
velop electron-hole pairs, can cause oxidation-reduction reac-
tions that lead to the ROS generation (Reddy et al., 2017).In ad-
dition, some transition metals, such as Fe3* and Cu?*, partici-
pate in the Haber-Weiss cycle and Fenton reactions that gen-
erate ROS (Stoiber et al., 2013). Metals with no redox capabil-
ity, such as Cd?*, Pb?*, and Hg?*, can enhance the pro-oxidant
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Table 1 - Aquatic pollutants in recent years.

Environmental concentrations (mean

Chemicals Locations value or range) References
Metals
Zn, Ni, Cu, Cr and Pb Surface water of major Korean streams and  0.055-0.60, 0.04-0.30, 0.01-0.055, (Pandey et al., 2019)
rivers 0.01-0.055, 0.0-0.1 mg/L
Zn, Ni, Cu, Cr, Pb, Hg, As and Cd Sediments of major Korean streams and 1200-1400, 8-55, 45-110, 0-2, 12-22,
rivers 0-1.5, 0-2, 0-0.70 mg/kg
Cd, Cr, Cu, Ni, Pb and Zn Surface water of Dongting Lake, China 0.05, 1.46, 0.92, 0.95, 0.18 and 3.31 pg/L  (Fang et al., 2015)
Deep water of Dongting Lake, China 0.07, 2.55, 1.04, 1.20, 0.30 and 4.73 pg/L
As, Cd, Cr, Cu, Fe, Ni, Pb and Zn Suiface water of Kralkizi Dam Reservoir in 2.39, 0.036, 22.06, 2.83, 58.63, 15.75, 2.56 (Memet, 2013)
Tigris River basin, Turkey and 5.02 pg/L
Suiface water of Dicle Dam Reservoir in 1.61, 0.030, 18.58, 2.12, 62.07, 15.86, 1.84
Tigris River basin, Turkey and 4.12 pg/L
Suiface water of Batman Dam Reservoir in 0.71, 0.044, 16.50, nd, 57.66, 15.96, 1.56
Tigris River basin, Turkey and 4.09 pg/L

Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn and As  Overlying water of Daya Bay, South China 0.021, 4.43, 1.98, 572.23, 1308.72, 0.37, (Ni et al., 2017)
2.09, 3.71 and 3.93 pg/L

Pore water of Daya Bay, South China 0.100, 3.13, 10.98, 148.17, 253.62, 5.37,
1.35,21.46 and 15.55 pg/L
Cu, Zn, Cr, Pb and Ni Surface pore water of Northern bays in Taihu 23.4,42.5, 18.8, 13.5 and 12.0 pg/L (Lei et al., 2016b)
Lake, China
Overlying water of Northern bays in Taihu 9.88, 40.9, 11.7, 10.3 and 8.86 ng/L
Lake, China
Nano materials
TiO,, ZnO, Ag, carbon nanotube, Surface water in European Union 0.53, 0.09, 0.66, 0.23 and 0.11 pg/L (Tian et al., 2014)
fullerenes (predicted)
Effluents of sewage treatment plants in 16, 2.3,0.17,4 and 1.7 pg/L (predicted)
European Union
Surface water in Switzerland 0.67,0.12, 0.45, 0.35 and 0.12 pg/L
(predicted)
Effluents of sewage treatment plants in 32,5.3,0.32, 5.5 and 3.4 pg/L (predicted)
European Union
Si0,, iron oxides, Al,03, CeO,, Freshwater in Northern Europe in 2020 562, 12.8, 39.6, 268 and 32.8 ng/L (Wang and
Quantum dots (predicted) Nowack, 2018)
Freshwater in Southeastern Europe in 2020 2600, 44.2, 221, 1130 and 107 ng/L
(predicted)
Ag and CeO; Surface water of River Ijssel in Netherlands  0.3-2.5 ng/L and 1.7-5.2 ng/L (detected) (Peters et al., 2018)
Surface water of River Meuse in Netherlands 0.3-1.1 ng/L and 0.4-5.1 ng/L (detected)
Pesticides
Molinate, propachlor, trifluralin, Surface water of the Louros River in North 0.023, 0.081, 0.051, 0.013, 0.022, 0.026, (Kapsi et al., 2019)
atrazine, terbuthylazine, acetochlor, Western Greece 0.047 ng/L, etc.
metolachlor, etc.
Carbendazim, isoproturon, Surface water of Yangtze River Delta, China  574.91, 186.91, 277.20, 191.40, 161.54, (Peng et al., 2018)
2-hydroxyatrazine, atrazine, 118.50 and 37.61 ng/L, etc.

terbutryn, imidacloprid and
tebuconazole, etc.

2-Phenylphenol, acetochlor, Surface water of an agricultural area in South 0.28, 0.46, 1.40, 0.29, 1.65, 0.11, 0.14, (Glinski et al., 2018)
alachlor, anthraquinone, atrazine, = Georgia, USA ND pg/L, etc.

benfluralin, bifenthrin, biphenyl,

etc.

Dieldrin, endrin aldehyde, Surface water of Pampanga River in 0.28-0.30, 0.337-1.341, 0.019-0.070, (Navarrete et al., 2018)
y-Chlordane, endosulfan II, etc. Philippines 0.042-0.064 pg/L, etc.

Pharmaceuticals and personal care products (PPCPs)
Acetaminophen, caffeine, diltiazem, Surface water of Baiyangdian Lake in north  31.46, 266.24, 4.90, 72.01, 34.45, 8.79, (Zhang et al., 2018b)

carbamazepine, fluoxetine, China 21.59 ng/L, etc.
sulfadiazine, sulfamethoxazole, etc. Pore water of Baiyangdian Lake in north 7.22,31.67,0.65, 2.32, 6.86, 1.55,
China 4.44 ng/L, etc.
Caffeine, metoprolol, Surface water of seven riverside sections of  1232.5,213.3,44.7,202.5, 6.4, 6.4 ng/L,  (Yang et al., 2017)
carbamazepine, the Beiyun River in Beijing, China in May etc.
N,N-diethyl-meta-toluamide, Surface water of seven riverside sections of  3020.0, 452.0, 93.1, 36.3, 810.0, 83.9 ng/L,
diclofenac, bezafibrate, etc. the Beiyun River in Beijing, China in etc
December
Ciprofloxacin, acetaminophen, Effluent of a sewage treatment plant in 31, 11, 232, 88 and 129 pg/L (Archana et al., 2017)
caffeine, benzophenone and irgasan Nagpur city, Maharashtra in summer season
Effluent of a sewage treatment plant in 5,ND, 86, 23 and 24 ng/L
Nagpur city, Maharashtra in rainy season
Effluent of a sewage treatment plant in 58, ND, 148, 61 and 77 pg/L

Nagpur city, Maharashtra in winter season
Persistent organic pollutants (POPs)

¥14PCBs, HCB, BDE 100/99 and Surface water of Tropical Atlantic (Cape 8.5, 6,0.3/1.6 and 83 pg/L (Sun et al., 2016)
=;PAHs Verde Abyssal Plain)
Surface water of North Atlantic (Fram Strait) 0.8, 10, 0.4/0.025 and 148 pg/L
$HCHs, =DDTs, PCBs and ©PAHs Surface water of a branch of the Grand Canal 1.871, 3.8, 0.52, and 104.4 ng/L (Zhang et al., 2018a)
in Hangzhou, China
SPAHs and £DDTs Marine waters of Beibu Gulf, South China Sea 3.2 and 0.015 ng/L (Kaiser et al., 2015)

PCBs: polychlorinated biphenyls, HCB: hexachlorobezene, BDE: brominated diphenyl ethers, PAHs: polycyclic aromatic hydrocarbons, HCHs:
hexachlorocyclohexanes, DDTs: dichlorodiphenyltrichloroethanes
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Table 2 - Examples of the toxic differences of certain pollutants to different aquatic microorganisms.

Chemicals Species Concentration range  Toxic effects/ Detoxification strategy References
Hg Hizikia fusiformis 0.02-0.4 mg/L Hg?* Decrease of photosynthetic pigment (Zhu et al., 2015)
contents, chlorophyll fluorescence rate,
lipid oxidation
Oscillatoria tenuisa and 1-250 pg/L MeHg Growth inhibition (Huang et al., 2012)
Microcystis aeruginosa
Chlorella vulgaris 0.001-1 mg/L Hg** Cell shrinkage and DNA damage. (Hazlina et al., 2019)
(ICso = 0.72 mg/L)
Silver Scenedesmus acuminatus ~ 1-100 pg/L Growth inhibition (Pham, 2019)
nanoparticles (Ag (ECso = 38.5 png/L)
NPs) Microcystis aeruginosa 9.3-926 nmol/L Inhibited cell yield and damaged (Qian et al., 2016)
photosynthesis, carbohydrate metabolism,
antioxidant defense and protein translation
Pseudokirchneriella Different sizes Ag NPs Growth inhibition (Ivask et al., 2014)
subcapitata
Glyphosate Fucus virsoides 0.5-2.5 mg/L Suppressed photosystem II (Felline et al., 2019)
Microcystis aeruginosa 1-20 mg/L Growth inhibition, the presence of (Zhang et al., 2018c)
nanoplastics reduced the toxicity of
glyphosate
Prymnesium parvum 0.1-1000 pg/L Growth stimulation at low concentrations  (Dabney and Patino, 2018)
Azoxystrobin Synechococcus sp. 0.5-2.5 mg/L No effect in short time exposure (Lu et al, 2019a)
Monoraphidium sp. 0.5-2.5 mg/L Growth inhibition (Lu et al, 2019a)
Phaeodactylum 0.1-20 mg/L Growth inhibition, destruction of (Du et al., 2019)
tricornutum subcellular structures, photosystem and
antioxidant system
Chlorella pyrenoidosa 0.5-10 mg/L Growth inhibition; lesion on the cell wall (Lu et al, 2018b)
and cytomembrane; disorder of genes
expression related to amino acid
metabolism
Microcystis aeruginosa 0.5-25 mg/L No effects (Lu et al, 2018b)
Chlorella vulgaris 100-2000 pg/L Excessive reactive oxygen species, (Liu et al., 2015b)
photosynthesis inhibition and cell
structure destruction
Ciprofloxacin Chlorella pyrenoidosa 0-150 mg/L Stimulated algae growth at low (Zhang et al., 2019b)

Raphidocelis subcapitata 3.7-19.1 pmol/L

Selenastrum
capricornutum

0.5-2.5 mg/L

concentration, inhibited chlorophyll a yield
(40 mg/L), stimulated lipid accumulation
(10 mg/L), reduced lipid accumulatio (30
mg/L), induced oxidative stress (10 mg/L)
and damaged antioxidant system (60 mg/L)
Inhibited growth yield, induced oxidative
stress and reduced activity of SOD at the
concentration 19.1 pmol/L

Decreased photosynthetic rate at 0.5 mg/L,
decreased maximum fluorescence,
inhibited non-cyclic photophosphorylation
and Ribulose-1.5-bisphosphate carboxylase
activity.

(Aderemi et al., 2018)

(Liu et al., 2011a)

status by consuming the pool of the antioxidant glutathione
(Pinto et al., 2003).

When subjected to metal stress at nonlethal levels, al-
gae will actively enhance their defensive system to miti-
gate the effects of the metal toxicity and oxidative stress
(Qian et al., 2013, 2016b). Algae also enhance their production
of metallothioneins and phytochelatins to prevent toxic met-
als from continuously replacing essential elements (Park and
Jeong, 2018). Moreover, they enhance the activity of antiox-
idant enzymes (such as superoxide dismutase, peroxidases,
and catalases, among others) and create antioxidant-active
substances (glutathione, carotenoids, vitamin C, and vitamin
E) to alleviate ROS damage (Jun et al., 2015). Recently, it was
shown that polyphosphates (polyP) play an important role in
the action of algae against the cations of toxic heavy metals.

The degradation of polyP may be involved in the chelation of
metals and the subsequent promotion of cell tolerance to met-
als (Adams et al., 2016; Samadani and Dewez, 2018).

Metals such as Hg, Cr, and Pb, and metalloids such as
As can be methylated through the action of microorganisms
(Juhasova and Cernansky, 2017). The toxicity of some methy-
lated elements, such as As, can be reduced while that of oth-
ers, such as Hg, is enhanced (Graham et al., 2017). Most cur-
rent studies on metal methylation have tended to focus on the
methylation of Hg. Mobilizing Hg into microorganisms that are
capable of methylating it is one of the limiting steps in the for-
mation of MeHg. Algal dissolved organic matter (DOM) can in-
fluence the methylation rate of Hg (Ding et al., 2019). However,
Lei et al. (2019) found that DOM from Chlorophyte and Euglena
mutabilis strongly inhibited Hg uptake into aerobic and anaer-
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obic bacteria, while DOM from Euglena gracilis did not display
this property. In short, harmful metals such as Hg have dif-
ferent toxic effects in different microalgae and cyanobacteria
and are transformed in different ways by them (Table 2).

The various responses of microbes might sequentially in-
fluence the metabolism of other microbes as well as the fate of
the metals themselves. Thus, investigating the effects of pol-
lutants on microalgae and cyanobacteria significantly more
complex, and additional research is required to elucidate the
metal transformation processes, including methylation, as
well as the various influencing factors that act on the ecolog-
ical network of aquatic microbial communities.

1.2. Nanomaterials

Nanotechnology is evolving rapidly and affecting almost ev-
ery aspect of industries and society worldwide. In 2015,
the International Organization for Standardization (ISO) de-
fined “nanoscale” as a size range of approximately 1-100
nm (ISO/TS 80004-1:2015). In the updated ISO standard, re-
leased in 2018, all NMs were divided into the following
seven primary categories: carbon nanoobjects and related
carbon nanoscale materials, oxides, metals, quantum dots
(QDs), organic polymer NMs, bioinspired materials, and cel-
lulose NMs (ISO/TR 12885:2018). Nanomaterial pollution in
aquatic environments is related to NM production and us-
age, as well as to the discharge of NMs from wastewater
treatment plants (Bundschuh et al., 2018; Ke et al.,, 2020).
Piccinno et al. (2012) have estimated the production amounts
of 10 different NMs (TiO,, ZnO, FeOyx, AlOy, SiO,, CeO,, Ag, QDs,
carbon nanotubes (CNTs), and fullerenes) worldwide and for
Europe. They found that the NM with the highest production
rate was TiO,, which had a global production amount as high
as 10,000 tons. Further, the production amounts of CeO,, FeOx,
AlOy, Zn0O, and CNTs were 100-1000 tons/year, while those of
Ag, QDs, and fullerenes were less than 10 tons/year.

The NMs are endowed with unique physicochemical prop-
erties because of their nanoscale dimensions, which also in-
creases the threat posed by their exposure to organisms.
Nanomaterials are toxic to microalgae and cyanobacteria
mainly through four ways, which can be summarized as fol-
lows. i) Damage owing to surface interactions: NMs get ad-
sorbed onto the surfaces of microbes and directly interact with
the cell membrane or cell wall to damage the cells. The cell
wall is a shield that protects organisms from the metal tox-
icity arising from the chelation of heavy metals by the cell
wall polysaccharides (Andrade et al., 2010). However, the cell
wall does not act as a protective barrier for NMs (Sendra et al.,
2018); instead, it acts as an NM interaction site and this re-
sults in toxicity (Perreault et al., 2012). ii) Internalization of
NMs: NMs are readily adsorbed by cells and get assimilated
into them, whereby they cause damage to organelles and pro-
teins (Li et al., 2019). iii) Production of ROS: similar to many
other pollutants, NMs can cause the excessive production of
ROS, which leads to adverse effects such as lipid peroxidation.
iv) Ion effect: metal and metal oxide NMs also can be dissolved
in water and transformed into the corresponding metal ions.
These mechanisms usually occur together in individual mi-
croalgae or cyanobacteria (Sekine et al., 2017; Xia et al., 2015).

The characteristics of NMs in aquatic environments is
closely related to their toxicity. (Qian et al., 2016; Yang et al.,
2012; Zhang et al., 2020). These include the following: i) Par-
ticle size: the smaller the size of NMs, the greater their tox-
icity to microbes will be; this may be owing to the fact that
NMs with a smaller size are internalized more easily by cells
(Lei et al., 2016a), and ii) Surface coatings (surfactants, poly-
mers, and polyelectrolytes): coatings with positive and nega-

tive functional groups reduce the adsorption and aggregation
behavior between NMs or with microbes, thus making the for-
mer more stable and consequently affecting their bioavailabil-
ity and toxicity (Urs et al., 2018). For example, ZnO nanopar-
ticles (ZnO-NPs) coated with 3-aminopropyltrimethoxysilane
and uncoated ZnO-NPs were more potent at inhibiting growth
of algal cells than ZnO-NPs coated with dodecyltrichlorosi-
lane (Yung et al., 2017). Given the vast differences in the ma-
terial types, sizes, shapes, and coatings of NMs, it is impossi-
ble to test all of the materials to the same extent. Therefore,
the characterization of NMs is essential (Oberdorster, 2010).
However, their characterization does not explain the dynamic
changes in their properties. In fact, NMs interact with the sur-
rounding environment, both biotic and abiotic, immediately
after they are introduced into the environment, and their be-
havior and fate are affected by the environmental dynamics
(Schirmer and Auffan, 2015). For example, water quality fac-
tors, such as the salinity and pH, can alter the agglomera-
tion and dissolution behavior of NMs (Sendra et al., 2017). The
properties of NMs may also change when they come in contact
with organisms; this, in turn, may affect their bioavailability,
for example, positively charged branched polyethilenimine-
coated AgNPs tend to aggregate in the presence of algae, while
citrate-coated AgNPs tend to dissolve (Malysheva et al., 2016).

Some NMs promote algae growth at low concentrations
rather than reduce it (some carbon NMs promote algae growth
even at high concentrations). They also promote other charac-
teristics of algae. For instance, they enhance the processes of
photosynthesis and lipid synthesis (He et al., 2017). However,
these so-called “low concentrations” were found to be signifi-
cantly higher than the prescribed limits for various other pol-
lutants and far greater than their concentrations in the envi-
ronment. Therefore, it remains to be seen whether engineered
NMs pose a significant threat to the aquatic environment. Un-
like other pollutants, some NMs are inherently inert and un-
likely to induce biological effects; however, their dose makes
them a poison (Ottoboni, 2011). Krug (2018) suggested that
more than 60% of the reported nanotoxicological results re-
quire a critical reevaluation and cannot be considered in risk
assessment standards, given the high doses of the materials
in question as well as our inability to control NMs and the cur-
rent lack of essential physicochemical characterization data.

Different aquatic organisms may exhibit very different sen-
sitivities to NMs (see Table 2). For example, the silver nanopar-
ticles (AgNPs), which are among the most widely used com-
mercial nanoproducts, were found to be significantly more
toxic to the growth, photosynthesis, antioxidant systems,
and carbohydrate metabolism of the cyanobacteria Microcys-
tis aeruginosa than to those of the green alga Chlorella vulgaris
grown in laboratory batch cultures (Chen et al., 2016). C. vul-
garis could efficiently detoxify the ROS induced by the AgNPs
by producing more antioxidant enzymes, while M. aeruginosa
failed to detoxify in a similar manner when exposed to Ag-
NPs at the same concentration (Qian et al., 2016). AgNPs also
had negative impacts on zooplankton grazing and the pho-
tosynthesis of phytoplankton at concentrations greater than
500 pg/L (Baptista et al., 2015). However, trace amounts of Ag-
NPs (10 pg/L) could activate the growth of eukaryotes (green
algae and zooplankton) in microcosm experiments (Lu et al,,
2020a).

1.3. Pesticides

Depending on the target organisms, pesticides can be catego-
rized as herbicides, fungicides, insecticides, and plant growth
regulators (Delorenzo et al., 2001; Qu et al., 2020). World-
wide pesticide use has increased dramatically over the past
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few decades; a trend is expected to continue in the com-
ing years. Liu et al. (2015c) reviewed worldwide pesticide us-
age from 1990 to 2010. A total of 82 countries consumed
an average of 342,000 tons of insecticides each year. The
average annual consumption of herbicides in 75 countries
was 566,000 tons, while 77 countries consumed an average
of 353,000 tons of bactericides and fungicides per year. The
concentration of pesticides in aquatic environments typically
ranges from the order of nanograms per liter to micrograms
per liter (Table 1). Given their higher usage, herbicides may
cause more pollution in aquatic environments than do other
types of pesticides (Glinski et al., 2018; Peng et al., 2018),
primarily due to excessive use in agriculture (Kuster et al.,
2009). Moreover, approximately 25% of commercial pesticides
are chiral (Garrison, 2006), and their effects on microorgan-
ism growth and development are consistently enantioselec-
tive (Asad et al,, 2017). Thus, evaluating the toxicity of chiral
pesticides becomes more difficult.

The removal of pesticides from the aquatic environment is
mainly dependent on their biodegradation by microorganisms
(Liu et al., 2018b). Bacterial strains belonging to the genera
Pseudomonas, Bacillus, Xanthomonas, and Rhodococcus, as well as
some fungi exhibit a strong ability to degrade various pesti-
cides (Alexandrino et al., 2020; Lin et al., 2020; Priya et al., 2020).
Some of the genes corresponding to pesticide-degrading en-
zymes, such as phnGHIKLM, puhA/puhB, and atzABCD/trzDN,
act on broad-spectrum herbicides such as glyphosate, di-
uron, and simazine (Mauffrey et al., 2017). Moreover, pes-
ticide removal may be affected by seasonal changes in
the hydrological and hydrochemical conditions, for example,
Maillard et al. (2011) found that, in wetlands, pesticides like
diuron and glyphosate could be removed more efficiently in
spring than in summer. Finally, sediments in aquatic systems
can increase the persistence of pesticides (Laabs et al., 2007).

Pesticides are bioactive chemicals that have been formu-
lated to kill target organisms. Given that insecticides, herbi-
cides, and fungicides have different sites of action, their spe-
cific effects on macroinvertebrates, algae, bacteria, and fungi
also vary. Therefore, pesticides belonging to different cate-
gories may inhibit a certain microorganism but have signif-
icantly different microecological effects in the aquatic envi-
ronment. i) Insecticides are designed to kill insects. Thus, zoo-
plankton with metabolic characteristics similar to those of in-
sects would also be strongly inhibited by them. The growth of
microalgae and cyanobacteria might be out of control due to
the inhibition of their predator (zooplankton) under insecti-
cides stress. For instance, insecticide mixtures reduce the di-
versity and community structure of aquatic microbial com-
munities dominated by macroinvertebrates such as mosquito
larvae, while herbicide mixtures do not (Muturi et al., 2017b).
ii) The most important mechanism of action of herbicides is to
inhibit photosynthesis through electron-transfer disruption
by blocking the Hill reaction in Photosystem II. Other mech-
anisms of action include inhibiting carotenoids, lipids, micro-
tubules, cellulose, or folate synthase, as well as the enzymes
involved in the amino acid synthesis pathway. Herbicide pol-
lution inevitably inhibits aquatic producers like microalgae
and cyanobacteria and changes their metabolic characteris-
tics (Qian et al., 2008; Qian et al., 2014). iii) Fungicides, which
serve as general biocides, have many different mechanisms
of action, such as inhibiting the biosynthesis of intracellular
membrane components and preventing oxidative phosphory-
lation (Rodrigues et al., 2013). Non-target microbe like Chlorella
pyrenoidosa could also inhibited by fungicide and subsequently
led to uncontrolled growth of cyanobacteria (Lu et al., 2019a).

In addition to being toxic to target organisms, pesticides
and their subsequent intermediates may also have unin-
tended effects on nontarget microorganisms including mi-

croalgae and cyanobacteria (Table 2). For example, azoxys-
trobin (AZ), a broad-spectrum fungicide that prevents ATP
generation, was found to inhibit the growth of Chlorella pyrenoi-
dosa by inducing oxidative damage and perturbing amino
acid metabolism, ascorbate synthesis, fatty acid metabolism,
and RNA translation (Lu et al.,, 2018b). Further, a dose as
low as 2 pg/L of the triazole fungicide tebuconazole inhibits
substrate-induced respiration and photosynthesis in natural
biofilms (Artigas et al., 2014).

However, the aquatic ecotoxicity of some pesticides re-
mains a matter of debate. For example, a few studies claim
that the most commonly used herbicide (i.e., glyphosate) is
environmentally friendly (Williams et al., 2000), even when
this is used to control noxious aquatic weeds (Gardner and
Grue, 1996; Mansor, 1996). However, several recent reports
have strongly refuted this claim (Pizarro et al., 2016; Reno et al.,
2016; Vera et al., 2012). Microalgae may be affected because
of their physiological similarity to plants, while nontargeted
aquatic organisms are probably adversely affected because
of the imbalances in the aquatic ecosystem (Cedergreen and
Streibig, 2005; Muturi et al., 2017a; Smedbol et al., 2018).
Ren et al. (2017) found that in a phosphorus-deficient environ-
ment, if glyphosate is the only source of phosphorus, the com-
petition between algae may be affected, providing M. aerugi-
nosa a strong competitive advantage in freshwater. Moreover,
Lu et al. (2020b) found that, in the aquatic microbial commu-
nity, Synechococcus can mitigate the toxicity of glyphosate to
other species by using glyphosate as a P source. These stud-
ies suggest that glyphosate can destroy the ecological equi-
librium that exists in aquatic microbial communities, which
will result in some of the species such cyanobacteria having a
distinct growth advantage.

To sum up, pesticides can cause direct or indirect ecotoxi-
city to microalgae and cyanobacteria, and it is recommended
that evaluations of the effects of any given pesticide on mi-
croalgae or cyanobacteria should not be limited to its toxicity
to a single species; instead, evaluations should focus on its
ability to induce changes through ecological relations.

1.4. Pharmaceutical and personal care products

The term PPCPs refers to nine categories of pharmaceu-
ticals: hormones, antibiotics, lipid regulators, nonsteroidal
anti-inflammatory drugs, beta-blockers, antidepressants, an-
ticonvulsants, antineoplastic agents, and diagnostic contrast
agents (Doerr-MacEwen and Haight, 2006). PPCPs also include
four classes of personal care products: perfumes, preserva-
tives, disinfectants, and sunscreens (Wang and Wang, 2016).
The concentration of PPCPs in aquatic environments is usu-
ally on the order of nanograms per liter to micrograms
per liter (Table 1), and their distribution in aquatic environ-
ments is affected by the source and hydrological conditions
(Yang et al., 2017). Untreated sewage from hospitals, pharma-
ceutical plants, and aquafarms, and sewage treatment plant
(STP) effluents are the main sources of PPCPs (Dai et al., 2016;
Lu et al., 2018a; Rodriguez-Mozaz et al., 2015; Xu et al., 2014;
Zhangetal., 2018b). Most PPCPs are difficult to remove through
wastewater treatment processes. Archana et al. (2017) re-
ported on the seasonal changes and environmental quality
control data for five PPCPs (i.e. acetaminophen, ciprofloxacin,
caffeine, irgasan, and benzophenone) in the influent and ef-
fluent of a STP. The total concentration of the PPCPs was 12—
373 pg/L in the influent and 11-233 pg/L in the effluent, and
thus, inefficient removal was detected. In addition, pharma-
ceuticals may be biomagnified through aquatic food webs,
where they can cause widespread ecological damage. The ad-
sorption of PPCPs by sediments is one of the most impor-
tant pathways for their removal from aquatic environments
(Tang et al., 2019). Photochemical and biological degradation
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are also important removal pathways (Baena-Nogueras et al.,,
2017).

Antibiotics are an important class of PPCPs. In some de-
veloping countries with large populations, such as China, an-
tibiotics are being used in large quantities. In 2013, a total of
162,000 tons of antibiotics were used in China, which is ap-
proximately nine-fold and 150-fold the amount used in the
United States and the United Kingdom, respectively. Studies
have shown that cyanobacteria are sensitive to antibiotics
(Lu et al., 2019b; Qian et al.,, 2012) and that the toxicological
effects of antibiotics on eukaryotes such as green algae are
less of a concern. Liu et al. (2011b) found that three antibi-
otics, namely, erythromycin, ciprofloxacin, and sulfamethox-
azole, affect the photosynthesis of the green alga Selenastrum
capricornutum, and changes in its primary photochemistry and
electron transport, photophosphorylation, and carbon assim-
ilation characteristics were observed. Chloramphenicol and
roxithromycin can affect green algae by inhibiting fatty acid
synthesis, inducing protein and DNA aggregation, aiding the
accumulation of lipid peroxidation products, and accelerat-
ing the loosening of beta-sheet structural proteins and the
conversion of B-DNA into Z-DNA (Xiong et al., 2019). Antibi-
otics in aquatic environments directly affect the growth of
bacteria and destroy the diversity of aquatic microbial com-
munities (Davies, 2010), as a reslut, microalgae and cyanobac-
teria would finally be influence due to the community dis-
turbance. Ciprofloxacin (CIP) can inhibit most cyanobacteria
even at trace concentrations. However, interestingly, Lu et al.
(2019b) showed that 7 pg/L CIP in a freshwater microcosm was
tolerable to cyanobacteria and unexpectedly inhibited eukary-
ota growth; this was in direct contrast to the antibacterial clas-
sification of CIP and the enhanced tolerance of cyanobacteria
to CIP is likely to be associated with microbial mutualisms.

In general, PPCPs pollution (take antibiotics as an exam-
ple) not only directly influences the growth of microalgae and
cyanobacteria in the aquatic environment, but also results in
antibiotic-resistant bacteria, which might change the microe-
cological balance of aquatic environment.

1.5. Persistent organic pollutants

In May 1995, the Governing Council of the United Na-
tions Environment Programme drafted a list of POPs.
Initially, the list only contained 12 chemicals: aldrin,
chlordane, dieldrin, endrin, heptachlor, hexachloroben-
zene, mirex, toxaphene, polychlorinated biphenyls (PCBs),
dichlorodiphenyltrichloroethane, dioxins, and polychlori-
nated dibenzofurans. Since 2001, the list already includes
additional compounds, such as polycyclic aromatic hydro-
carbons (PAHs) and brominated flame retardants. Some
organophosphorus pesticides (OPs) are also classified as POPs
based on their characteristics. The concentration of most
POPs in aquatic environments usually ranges from the order
of picograms per liter to nanograms per liter (Table 1). The
book Silent Spring by Rachel Carson brought these pollutants
to the attention of the world. Chemicals that are POPs are
highly toxic to organisms and difficult to degrade. They
can migrate long distances and spread across the world.
Wang et al. (2018) studied the transcriptomic response of the
dinoflagellate genus Prorocentrum to PCBs by using microar-
rays and found that while PCBs may not cause chloroplast
and oxidative damage, they result in cell cycle arrest and
apoptosis. Experiments by Halm-Lemeille et al. (2014) have
shown that the toxicity of PCBs depends on the target species
and that they have a nonspecific mode of action on green
algae (e.g., anesthesia). However, mixtures of PAHs as well
as those of OPs were found to reduce the expression of
the photosynthetic genes rbcL (RuBisCO large subunit) and

psbA (PSII D1 protein) in oceanic Prochlorococcus populations
(Fernandez-Pinos et al., 2017).

POPs are known for the property of persistent, therefore,
their toxicological properties may be quite different. The toxic
mechanisms of POPs to microalgae and cyanobacteria vary
widely, which may include but is not limited to oxidative dam-
age, cell cycle arrest and apoptosis and photosynthetic inhibi-
tion. Aquatic toxicology studies on POPs remain limited. Fur-
ther researches on toxicology and tolerance thresholds needs
to be widely carried out.

1.6.  Emerging pollutants

Owing to the advancements in new industries, a large num-
ber of new materials and chemicals have been developed to
support the strategic concept of efficient and green sustain-
able development. However, thorough chemical and toxico-
logical research on the environmental behavior of these new
materials and chemicals is required to identify new types of
environmental pollutants. For example, graphene, microplas-
tics, and ionic liquids have been identified as emerging envi-
ronmental pollutants, which can easily enter aquatic systems
through various ways and cause unpredictable ecotoxicologi-
cal risks (Banchi et al., 2019; Luo et al., 2019; Mao et al., 2018;
Thuy Pham et al., 2010). Other emerging pollutants like artifi-
cial sweeteners, salicylic acid and fullerenes also got a lot of
attentions.

Graphene is a two-dimensional monolayer carbon atom
sheet with a hexagonal structure (Novoselov et al., 2012). It has
attracted widespread attention in the industry because of its
electronic and thermal conductivity and gas impermeability
characteristics (Gogotsi, 2015). The annual output of graphene
has increased from approximately 120 tons in 2015 to 1000
tons in 2019, and investments are expected to reach approx-
imately 400 million US dollars by 2020 (Ghaffarzadeh, 2016).
This exponential increase in production may lead to the mas-
sive release of graphene-based materials (GBM) in aquatic
habitats due to loss of graphene-rich products and poor
waste disposal (Banchi et al., 2019). Studies have shown that
graphene has toxic effects on freshwater algae (Nogueira et al.,
2015; Martin de et al., 2018). Generally, because the cell
wall thickness of freshwater algae is approximately 20 nm,
graphene has a strong internalization ability and bioavail-
ability. The GBM exposure will lead to excessive produc-
tion of ROS and cause membrane damage of Chlamydomonas
reinhardtii and Raphidocelis subcapitata (Nogueira et al., 2015;
Martin de et al., 2018). Hence, additional research is required to
understand how graphene toxicity is influence by differences
in the morphological structure of algal species.

Global plastics production reached 359 million tons in
2018, an increase of 9 million tons from 2017, which has
brought about ecological pollution problems that cannot be
ignored (The China Plastics Industry Editorial Office). Mi-
croplastics, an emerging pollutant, are commonly detected in
freshwater ecosystems (Lambert and Wagner, 2018). Studies
have shown that microplastics have different toxicological ef-
fects on freshwater algae according to their particle size and
the properties of surface functional groups (Liu et al., 2016;
Zhang et al., 2018a). Microplastics usually adsorb on the sur-
face of algae (Bhattacharya et al., 2010; Zhang et al., 2018a),
thereby forming a light shield that affects photosynthesis, or
the microplastics can cause the algal cell wall to crack af-
ter adsorption (Zhang et al., 2016). Meanwhile, microplastics
of a few nanometers can enter cells and destroy organelles,
leading to algal cell death (Besseling et al., 2014; Zhang et al,,
2018a). In addition, because of the different particle sizes and
surface charges of microplastics, the strength of the agglomer-
ation effect in freshwater is different, and the bioavailability
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also changes (Turner et al., 2010). Therefore, the characteris-
tics of microplastics must be considered when investigating
their ecological toxicity in freshwater environments.

Ionic liquids (ILs) are a new type of organic compound
being used as a substitute in the green chemical industry
(Thuy Pham et al., 2010). Thorough aquatic ecotoxicological
assessments should be conducted owing to the solubility of
ILs in water and the large number of literature reports on their
toxicity to aquatic organisms (Anthony et al., 2001). In particu-
lar, studies on the toxicological risks of ILs revealed that fresh-
water algae, as primary producers, have assumed important
aquatic ecological roles (Fan et al,, 2019a; Jin et al., 2019). ILs
are usually divided into cations and anions, and it was found
that cationic ILs presented a greater toxicity to Scenedesmus
obliquus; additionally, the toxicity of anions was found to be re-
lated to ionic properties; for example, bromide is a more pow-
erful toxicant than chloride (Fan et al., 2019b). After exposure
to ILs (cations), C. pyrenoidosa showed obvious photosynthesis
inhibition and oxidative stress responses, algae cell deforma-
tions, cell wall and cell membrane damage; meanwhile, this
toxicity of ILs to C. pyrenoidosa was positively correlated with
the exposure time and concentration (Jin et al., 2019). To sum
up, cationic ILs are usually more toxic to microalgae than an-
ions ILs, which mainly cause cell membrane damage, oxida-
tive stress and photosynthesis inhibition in algal cells.

While existing pollutants are being discharged into the en-
vironment daily, new ones are also being produced continu-
ously. The above pollutants are considered as emerging water
pollutants for their proven or potential adverse effects on mi-
croalgae, cyanobacteria, aquatic ecology and human health.
Novel investigative and analytical approaches for future mon-
itoring studies and toxic mechanism researches are proposed.

2. Interactions between pollutants and abiotic
factors in the aquatic environment

2.1. Combined toxic effects of different pollutants

The combined toxic effects of pollutants in the aquatic en-
vironment can be highly noticeable. Pollutants never appear
alone in water bodies (Table 1). At present, the combined tox-
icity of metals has received wide concerns (Gao et al., 2020;
Ramakrishnan et al., 2010). The synergistic effect of Cu and
Cd was an increase in the ROS content, disruption of chloro-
phyll synthesis, and inhibition of C. vulgaris growth (Qian et al.,
2009; Wei et al., 2014). This may be attributable to the fact that
Cd can replace Cu in various cytoplasmic and membrane pro-
teins, thereby increasing the amount of free Cu ions involved
in the generation of oxidative stress by the Fenton reaction. In-
terestingly, metallic Cu was also found to reduce the bioaccu-
mulation of Cd in Ulva compressa (Kovacik et al., 2018). This dif-
ference could be related to both the metal concentration and
the species involved (Babu et al., 2014; Franklin et al., 2002). In
addition, the toxic effects of different combinations of metals
are also crucial. An evaluation of the combined toxicity of bi-
nary heavy metals to Microcystis aeruginosa found that when
the mixed concentration is low, such as with Cu?* + Cd?%t,
Cu?t 4 Cr3t, Zn?t 4 Cr3*, there is a synergistic effect, and
when the mixed concentration is higher, there is an antag-
onistic effect; however, the binary whole of Zn?t 4+ Cd?*,
PbZt + Cr3+, Pb2+ + Cd?*, Pb%" + Zn?*, and Cr3* + Cd?* al-
ways showed antioxidative effects on Microcystis aeruginosa
(Gao et al., 2020).

The combined aquatic toxicity of nano-type pollutants and
other pollutants also has received many attentions in recent
years. Because of the huge specific surface area, electrostatic
capacity, and recombination ability of nano-pollutants, they

can adsorb and bind to a variety of other aquatic pollutants,
which leads to more complex toxic effects on aquatic algae
(Fan et al., 2010; Liu et al., 2018a; Whiteley et al., 2013). For in-
stance, it was reported that the presence of nanoscale Al,05
increased the bioabsorption of Pb in the marine alga Isochrysis
galbana (Hu et al., 2018); the graphene oxide NPs and zinc oxide
showed a superimposed toxic effect on Scenedesmus obliquus
(Wu et al., 2019); the combined toxicity between nano-copper
oxide (nCuO) and the nano-zinc oxide (nZnO) to freshwa-
ter algae Scenedesmus obliquus was greater than that of the
nZnO (Ye et al., 2017). In addition to the synergistic effects, the
combination of nanoscale ZnO and cetyltrimethylammonium
chloride exhibits an antagonistic effect on C. vulgaris; this is
because of the inhibitory effect of cetyltrimethylammonium
chloride on the dissolution of the nanoscale ZnO and the ac-
cumulation of Zn in algae (Liu et al., 2018a).

Combined toxic effects also have been observed in the
cases of mixtures of many other categories of pollutants,
such as pesticides, nanoplastics and PPCPs (Affek et al., 2018;
Carusso et al., 2018; Liu et al., 2013; Tien and Chen, 2012;
Zhang et al., 2018a). Petersen et al. (2014) found that the com-
bined effects of the multi-pollutant mixture (PPCPs, biocides,
PAHs and alkylphenols) were clearly additive, and indicated
that these pollutants will collectively cause environmental
risks. Antibiotics can reduce the toxicity of herbicides to Mi-
crocystis aeruginosa by stimulating photosynthesis and reduc-
ing oxidative stress, thus leading to increased microcystin pro-
duction (Yu et al., 2019). The combination of different ratios
of macrolide antibiotics and the azole fungicide ketocona-
zole produced a strong synergistic effect and enhanced the
growth inhibition effect on the green alga Pseudokirchneriella
subcapitata (Yamagishi et al., 2017). The nanoplastics, which
often carry different functional groups because of their vari-
ous industrial uses, also show different adsorption capacities
to other pollutants. For example, polystyrene cationic amino-
modified nanoplastics (PS-NH,) can adsorb glyphosate on
their surface, which enhances the stability of the dispersion
system, causing a greater number of PS-NH, to be adsorbed on
the surfaces of cyanobacteria. This may result in the further
enrichment of PS-NHj in the food chain (Zhang et al., 2018c).
Meanwhile, the carboxylated polystyrene nanoparticles (PS-
COOH NPs) did not absorb the Cu ions and no difference in
the growth inhibition of Raphidocelis subcapitata were observed
after exposure to PS-COOH NPs and Cu (Bellingeri et al., 2019).

In combined toxicity studies, the concentration addition
(CA) and independent action (IA) models, which assume
a similar action or a dissimilar action of mixture compo-
nents, respectively, are generally used to predict the combined
toxic effects of pollutants (Faust et al., 2003; Petersen et al,,
2014).However, these experiments are generally restricted to
the assessment and prediction of the combined toxicity. Fu-
ture studies should focus on the interactions between the pol-
lutants as well as the underlying mechanisms of the molecu-
lar toxicity caused by the pollutants in combination.

2.2.  Combined effects of abiotic factors and pollutants

Abiotic environments may alter the biological effects of pollu-
tants and the growth state of the microalgae and cyanobac-
teria (Zhang et al., 2021). Van Regenmortel and De Scham-
phelaere (2018) reported that different water chemical con-
ditions may lead to changes in the combined action of met-
als on algae. In the case of low cation competition (i.e., in
the case of soft water), the antagonism between metals is
stronger than that during high cation competition (i.e., in
the case of hard water). Organic materials such as humic
acid can reduce the bioavailability of metals by adsorption,
as revealed by Bai et al. (2019) who showed that humic acids
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with larger molecular weights have stronger inhibitory ef-
fects on the bioavailability of Pb to the algae C. pyrenoidosa.
In addition, inorganic nutrients can also affect the toxicity
of metals. Inorganic nitrogen and phosphorus compounds
have been found to reduce the toxicity of Cr to the freshwa-
ter alga C. vulgaris (Liu et al., 2015a; Qian et al., 2013). How-
ever, an increase in the phosphorus concentration increased
the inhibitory effect of Cu on the growth of a freshwater
amphipod, Hyalella azteca (Li et al., 2012). Further, tempera-
ture is an important factor. Van de Perre et al. (2018) found
that that Zn toxicity had a smaller effect at higher temper-
atures. Chalifour et al. (2014) reported that temperature can
affect the toxic influence of herbicides (norflurazon and fluri-
done) on photosynthesis as well as the pigment and fatty acid
composition of the freshwater alga Chlamydomonas reinhardtii.
Rico et al. (2018) found that temperature along with genetic
variations and species competition affect the sensitivity of
algae to the antibiotic enrofloxacin. Therefore, in toxicology
studies, the effects of abiotic environmental factors, such as
water chemical conditions (including N, P contents, pH value
etc.), organic materials present, and temperature, can greatly
affect the toxicity of pollutants and should not be ignored.

3. Conclusions

Human behavior affects natural processes of ecological sys-
tems via physical and chemical forces and interferes with
biodiversity. Changes in the dynamics of microalgae and
cyanobacteria in ecosystems can be useful indicators of the
pollution impact and extent. However, information on the eco-
toxicology of various aquatic pollutants on microalgae and
cyanobacteria is still fragmentary.

The characteristics of pollutants determine their toxico-
logical mechanisms in microalgae and cyanobacteria, which
can be generally divided into physical damage and cytotox-
icity. Physical damage is mainly caused by cell damage and
shielding effects, as it occurs with the emerging pollutant mi-
croplastics, whereas the cytotoxicity of highly toxic pollutants,
such as organic pesticides, mainly destroys small molecules
and causes cellular metabolic damage. Although some stud-
ies have integrated the toxicity data of pollutants in a model to
predict the toxicity of specific pollutants, results did not con-
sider the interactions among the entire ecological community
and the combined toxic effects of multiple pollutants.

Therefore, further study on the toxic effects of pollutants
on aquatic microorganisms is required to continually identify
pollutants and understand the combined ecological risks of
multiple pollutants. This equates to shifting from a reduction-
ist perspective to a holistic perspective for understanding pol-
lutants and freshwater ecosystem health, allowing us to better
predict the risks of these substances to ecosystem health.

Acknowledgments

This work was financially supported by the National Natural
Science Foundation of China (Nos. 21777144, 21976161), and
Changjiang Scholars and Innovative Research Team in Univer-
sity (No. IRT_17R97).

REFERENCES

Adams, M.S,, Dillon, C.T,, Vogt, S., Lai, B., Stauber, J., Jolley, D.F,, 2016. Copper
uptake, intracellular localization, and speciation in marine microalgae
measured by synchrotron radiation X-ray fluorescence and absorption
microspectroscopy. Environ. Sci. Technol. 50, 8827.

Aderemi, A.O., Novais, S.C., Lemos, M.E.L., Alves, L.M., Hunter, C., Pahl, O., 2018.
Oxidative stress responses and cellular energy allocation changes in
microalgae following exposure to widely used human antibiotics. Aquat.
Toxicol. 203, 130-139.

Affek, K., Zaleska-Radziwill, M., Doskocz, N., Debek, K., 2018. Mixture toxicity of
pharmaceuticals present in wastewater to aquatic organisms. Desalin. Water
Treat. 117, 15-20.

Alexandrino, D.A.M., Mucha, A.P., Almeida, C.M.R., Carvalho, M.E, 2020. Microbial
degradation of two highly persistent fluorinated fungicides - epoxiconazole
and fludioxonil. J. Hazard. Mater. 394, 122545.

An, ], Blust, R, Coen, W.D., Griffin, J.L., Jones, O.A.H., 2013. An omics based
assessment of cadmium toxicity in the green alga Chlamydomonas reinhardtii.
Aquat. Toxicol. 126, 355-364.

Andrade, L.R,, Leal, R.N,, Noseda, M., Duarte, M.E.R., Pereira, M.S., Mourao, P.A.S.,
et al,, 2010. Brown algae overproduce cell wall polysaccharides as a protection
mechanism against the heavy metal toxicity. Mar. Pollut. Bull. 60, 1482-1488.

Anthony, J.L., Maginn, E.J., Brennecke, ].F, 2001. Solution thermodynamics of
imidazolium-based ionic liquids and water. J. Phys. Chem. B 105, 10942-10949.

Archana, G., Dhodapkar, R., Kumar, A., 2017. Ecotoxicological risk assessment and
seasonal variation of some pharmaceuticals and personal care products in
the sewage treatment plant and surface water bodies (lakes). Environ. Monit.
Assess. 189, 446.

Artigas, J., Pascault, N., Bouchez, A., Chastain, J., Debroas, D., Humbert, J.E, et al.,
2014. Comparative sensitivity to the fungicide tebuconazole of biofilm and
plankton microbial communities in freshwater ecosystems. Sci. Total Environ.
468, 326-336.

Asad, M.A.U,, Lavoie, M., Song, H., Jin, Y., Fu, Z., Qian, H., 2017. Interaction of chiral
herbicides with soil microorganisms, algae and vascular plants. Sci. Total
Environ. 580, 1287-1299.

Babu, M.Y,, Palanikumar, L., Nagarani, N., Devi, V.J., Kumar, S.R,,

Ramakritinan, C.M,, et al., 2014. Cadmium and copper toxicity in three marine
macroalgae: evaluation of the biochemical responses and DNA damage.
Environ. Sci. Pollut. Res. 21, 9604-9616.

Baena-Nogueras, R.M., Gonzalez-Mazo, E., Lara-Martin, P.A., 2017. Degradation
kinetics of pharmaceuticals and personal care products in surface waters:
photolysis vs biodegradation. Sci. Total. Environ. 590-591, 643-654.

Bai, H.C., Wei, S.Q,, Jiang, Z.M., He, M ],, Ye, B.Y,, Liu, G.Y,, 2019. Pb (1I) bioavailability
to algae (Chlorella pyrenoidosa) in relation to its complexation with humic
acids of different molecular weight. Ecotoxicol. Environ. Saf. 167, 1-9.

Baptista, M.S., Miller, RJ,, Halewood, E.R., Hanna, S.K., Almeida, CM.R,,
Vasconcelos, V.M, et al., 2015. Impacts of Silver Nanoparticles on a Natural
Estuarine Plankton Community. Environ. Sci. Technol. 49, 12968-12974.

Barnett, J.P,, Millard, A., Ksibe, A.Z., Scanlan, D.J., Schmid, R., Blindauer, C.A., 2012.
Mining genomes of marine cyanobacteria for elements of zinc homeostasis.
Front. Microbiol. 3, 142.

Banchi, E., Candotto Carniel, F, Montagner, A., Bosi, S., Bramini, M., Crosera, M.,
et al,, 2019. Graphene-based materials do not impair physiology, gene
expression and growth dynamics of the aeroterrestrial microalga Trebouxia
gelatinosa. Nanotoxicology 13, 492-509.

Bekturganov, Z., Tussupova, K., Berndtsson, R., Sharapatova, N., Aryngazin, K.,
Zhanasova, M., 2016. Water related health problems in central Asia-a review.
Water 8, 219.

Bellingeri, A., Bergami, E., Grassi, G., Faleri, C., Redondo-Hasselerharm, P.,
Koelmans, A.A., et al., 2019. Combined effects of nanoplastics and copper on
the freshwater alga Raphidocelis subcapitata. Aquat. Toxicol. 210, 179-187.

Besseling, E., Wang, B., Luerling, M., Koelmans, A.A., 2014. Nanoplastic affects
growth of S. obliquus and reproduction of D. magna. Environ. Sci. Technol. 48,
12336-12343.

Bhattacharya, P, Lin, S., Turner, J.P,, Ke, P.C., 2010. Physical adsorption of charged
plastic nanoparticles affects algal photosynthesis. J. Phy. Chem. C 114,
16556-16561.

Brayner, R., Coute, A, Livage, J., Perrette, C., Sicard, C., 2011. Micro-algal biosensors.
Anal. Bioanal. Chem 401, 581-597.

Bundschuh, M,, Filser, J., Liderwald, S., Mckee, M.S., Metreveli, G., Schaumann, G.E.,
et al,, 2018. Nanoparticles in the environment: where do we come from,
where do we go to? Environ. Sci. Eur 30, 6.

Carusso, S., Juarez, A.B., Moretton, J., Magdaleno, A., 2018. Effects of three
veterinary antibiotics and their binary mixtures on two green alga species.
Chemosphere 194, 821-827.

Cedergreen, N,, Streibig, J.C., 2005. The toxicity of herbicides to non-target aquatic
plants and algae: assessment of predictive factors and hazard. Pest Manage.
Sci. 61, 1152-1160.

Chalifour, A., Arts, M.T,, Kainz, M.J., Juneau, P,, 2014. Combined effect of
temperature and bleaching herbicides on photosynthesis, pigment and fatty
acid composition of Chlamydomonas reinhardtii. Eur. J. Phycol. 49, 508-515.

Chen, S., Jin, YJJ., Lavoie, M., Lu, H.P, Zhu, K., Fu, Z.W,, et al,, 2016. A new
extracellular von Willebrand A domain-containing protein is involved in
silver uptake in Microcystis aeruginosa exposed to silver nanoparticles. Appl.
Microbiol. Biot. 100, 8955-8963.

Cuevas, N., Martins, M., Costa, P.M., 2018. Risk assessment of pesticides in
estuaries: a review addressing the persistence of an old problem in complex
environments. Ecotoxicology 27, 1008-1018.

Dabney, B.L., Patino, R., 2018. Low-dose stimulation of growth of the harmful alga,
Prymnesium parvum, by glyphosate and glyphosate-based herbicides. Harmful
Algae 80, 130-139.


https://doi.org/10.13039/501100001809
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0002
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0003
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0004
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0004
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0004
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0004
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0004
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0005
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0005
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0005
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0005
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0005
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0006
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0007
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0008
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0008
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0008
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0008
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0009
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0009
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0009
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0009
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0010
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0011
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0012
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0013
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0013
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0013
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0013
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0014
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/optD2ZYuzSZEe
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0015
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0016
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0017
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0018
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0019
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0019
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0019
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0019
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0019
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0020
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0020
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0020
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0020
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0020
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0021
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0022
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0023
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0023
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0023
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0023
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0023
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0024
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0024
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0024
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0025
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0025
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0025
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0025
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0025
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0026
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0027
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0027
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0027
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0027
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0028
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0028
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0028

184 JOURNAL OF ENVIRONMENTAL SCIENCES 99 (2021) 175-186

Dahms, H.U,, Hagiwara, A,, Lee, ].S., 2011. Ecotoxicology, ecophysiology, and
mechanistic studies with rotifers. Aquat. Toxicol. 101, 1-12.

Dai, G.H., Wang, B., Fu, C.C,, Dong, R,, Huang, J., Deng, S.B,, et al., 2016. .
Pharmaceuticals and personal care products (PPCPs) in urban and suburban
rivers of Beijing, China: occurrence, source apportionment and potential
ecological risk. Environ. Sci.: Process. Impacts 18, 445-455.

Davies, I.A., 2010. Effects of Antibiotics on Aquatic Microbes. University of York.

Delorenzo, M.E., Scott, G.I,, Ross, P.E., 2001. Toxicity of pesticides to aquatic
microorganisms: a review. Environ. Toxicol. Chem. 20, 84-98.

Ding, L.Y,, He, N.N,, Yang, S., Zhang, LJ,, Liang, P, Wu, S.C,, et al., 2019. Inhibitory
effects of Skeletonema costatum on mercury methylation by Geobacter
sulfurreducens PCA. Chemosphere 216, 179-185.

Doerr-MacEwen, N.A., Haight, M.E., 2006. Expert stakeholders’ views on the
management of human pharmaceuticals in the environment. Environ.
Manage. 38, 853-866.

Du, B, Zhang, Z,, Liu, W, Ye, Y., Lu, T, Zhou, Z,, et al.,, 2019. Acute toxicity of the
fungicide azoxystrobin on the diatom Phaeodactylum tricornutum. Ecotoxicol.
Environ. Saf. 168, 72-79.

Espejo, W, Kitamura, D., Kidd, K.A., Celis, ].E., Kashiwada, S., Galbdnmalagon, C.,
et al,, 2018. Biomagnification of tantalum through diverse aquatic food webs.
Environ. Sci.Technol. Lett. 5, 196-201.

Fan, H,, Liu, H., Dong, Y., Chen, C., Wang, Z., Guo, ., et al., 2019b. Growth inhibition
and oxidative stress caused by four ionic liquids in Scenedesmus obliquus:
role of cations and anions. Sci. Total. Environ. 651, 570-579.

Fang, Y.Z., Lu, H.P, Chen, S,, Zhu, K., Song, H., Qian, H.F, 2015. Leaf proteome
analysis provides insights into the molecular mechanisms of bentazon
detoxification in rice. Pestic. Biochem. Physiol. 125, 45-52.

Fan, H,, Jin, M., Wang, H., Xu, Q., Xu, L., Wang, C,, et al., 2019a. Effect of differently
methyl-substituted ionic liquids on Scenedesmus obliquus growth,
photosynthesis, respiration, and ultrastructure. Environ. Pollut. 250, 155-165.

Fan, W.H., Cui, M.M,, Liu, H.,, Wang, C.A,, Shi, Z.W,, Tan, C,, et al., 2010. Nano-TiO,
enhances the toxicity of copper in natural water to Daphnia magna. Environ.
Pollut. 159, 729-734.

Faust, M., Altenburger, R., Backhaus, T, Blank, H., Boedeker, W., Gramatica, P,, et al.,
2003. Joint algal toxicity of 16 dissimilarly acting chemicals is predictable by
the concept of independent action. Aquat. Toxicol. 63, 43-63.

Felline, S., Del Coco, L., Kaleb, S., Guarnieri, G., Fraschetti, S., Terlizzi, A., et al., 2019.
The response of the algae Fucus virsoides (Fucales, Ochrophyta) to Roundup(R)
solution exposure: a metabolomics approach. Environ. Pollut. 254, 112977.

Fernandez-Pinos, M.C,, Vila-Costa, M., Arrieta, ].M., Morales, L., Gonzalez-Gaya, B.,
Pina, B, et al.,, 2017. Dysregulation of photosynthetic genes in oceanic
Prochlorococcus populations exposed to organic pollutants. Sci. Rep. 7, 8029.

Franklin, N.M., Stauber, J.L., Lim, R.P,, Petocz, P., 2002. Toxicity of metal mixtures to
a tropical freshwater alga (Chlorella sp): the effect of interactions between
copper, cadmium, and zinc on metal cell binding and uptake. Environ.
Toxicol. Chem. 21, 2412-2422.

Gao, C., Gao, L., Duan, P.F,, Wu, H.M,, Li, M., 2020. Evaluating combined toxicity of
binary heavy metals to the cyanobacterium Microcystis: a theoretical
non-linear combined toxicity assessment method. Ecotox. Environ. Safe. 187,
9.

Gardner, S.C., Grue, C.E., 1996. Effects of Rodeo(R) and Garlon(R) 3A on
nontarget wetland species in central Washington. Environ. Toxicol. Chem. 15,
441-451.

Garrison, A.W,, 2006. Probing the enantioselectivity of chiral pesticides. Environ.
Sci. Technol. 40, 16-23.

Glinski, D.A., Purucker, S.T., Meter, R.J.V, Black, M.C., Henderson, W.M., 2018.
Analysis of pesticides in surface water, stemflow, and throughfall in an
agricultural area in South Georgia, USA. Chemosphere 209, 496-507.

Gogotsi, Y., 2015. Not just graphene: the wonderful world of carbon and related
nanomaterials. MRS Bull. 40, 1110-1120.

Ghaffarzadeh, K., 2016. Graphene 2D materials and carbon nanotubes: markets
technologies and opportunities 2016-2026 [online]. Available from:
http://www.idtechex.com/research

Graham, A.M., Cameron-Burr, K.T,, Hajic, H.A,, Lee, C., Msekela, D., Gilmour, C.C.,
2017. Sulfurization of dissolved organic matter increases Hg-sulfide-dissolved
organic matter bioavailability to a Hg-methylating bacterium. Environ. Sci.
Technol. 51, 9080-9088.

Guo, X., Rui, Z,, Dan, S,, Yang, C., Wang, J,, Teng, Y., Fu, Q,, et al,, 2017. Source
apportionment of pollution in groundwater source area using factor analysis
and positive matrix factorization methods. Hum. Ecol. Risk Assess. 23,
1417-1436.

Halm-Lemeille, M.P, Fard, E.A., Latire, T,, Ferard, J.F, Costil, K., Lebel, ].M., et al.,
2014. The effect of different polychlorinated biphenyls on two aquatic
models, the green alga Pseudokirchneriella subcapitata and the haemocytes
from the European abalone Haliotis tuberculata. Chemosphere 110, 120-128.

Hazlina, A.Z., Devanthiran, L., Fatimah, H., 2019. Morphological changes and DNA
damage in Chlorella vulgaris (UMT-M1) induced by Hg?*. Malays. Appl. Biol. 48,
27-33.

He, M.L,, Yan, Y.Q,, Pei, E, Wu, M.Z., Gebreluel, T., Zou, S.M,, et al., 2017.
Improvement on lipid production by Scenedesmus obliquus triggered by low
dose exposure to nanoparticles. Sci. Rep. 7, 15526.

Hepburn, E., Northway, A., Bekele, D, Liu, G.J., Currell, M., 2018. A method for
separation of heavy metal sources in urban groundwater using multiple lines
of evidence. Environ. Pollut. 241, 787-799.

Hu, ], Zhang, Z.C., Zhang, C,, Liu, S.X., Zhang, H.F, Li, D, et al., 2018. Al, O3

nanoparticle impact on the toxic effect of Pb on the marine microalga
Isochrysis galbana. Ecotoxicol. Environ. Saf. 161, 92-98.

Hu, Y., Wang, D, Li, Y., 2016. Environmental behaviors and potential ecological
risks of heavy metals (Cd, Cr, Cu, Pb, and Zn) in multimedia in an oilfield in
China. Environ. Sci. Pollut. Res. 23, 13964-13972.

Huang, WJ,, Lu, Y.M., Yu, W.L., 2012. Toxicity and bioaccumulation of
monomethylmercury in freshwater Cyanobacteria: Oscillatoria tenuisa and
Microcystis aeruginosa. Environ. Forensics 13, 255-261.

Ivask, A., Kurvet, L., Kasemets, K., Blinova, L., Aruoja, V., Suppi, S., et al., 2014.
Size-dependent toxicity of silver nanoparticles to bacteria, yeast, algae,
crustaceans and mammalian cells In vitro. PLoS One 9, e102108.

Jacobson, A.R., Philippe, B., 2004. Comment on "Critical evaluation of desorption
phenomena of heavy metals from natural sediments". Environ. Sci. Technol.
38,4701-4702.

Juhasova, J., Cernansky, S., 2017. Biovolatilization of potentially toxic elements by
microorganisms. Chem. Listy 111, 329-332.

Jun, X., Xiaocui, B., Michel, L., Haiping, L., Xiaoji, F, Xiangliang, P, et al., 2015.
Analysis of the proteome of the marine Diatom Phaeodactylum tricornutum
exposed to aluminum providing insights into aluminum toxicity
mechanisms. Environ. Sci. Technol 49, 11182-11190.

Jin, M., Wang, H., Li, Z., Fu, L., Chu, L., Wu, J,, et al., 2019. Physiological responses of
Chlorella pyrenoidosa to 1-hexyl-3-methyl chloride ionic liquids with
different cations. Sci. Total. Environ. 685, 315-323.

Kaiser, D., Hand, I, DanielaUnger, Schulzbull, D.E., Waniek, ].J., 2015. Organic
pollutants in the central and coastal Beibu Gulf, South China Sea. Mar. Pollut.
Bull. 101, 972-985.

Kapsi, M., Tsoutsi, C., Paschalidou, A., Albanis, T., 2019. Environmental monitoring
and risk assessment of pesticide residues in surface waters of the Louros
River (NW Greece). Sci. Total Environ. 650, 2188-2198.

Karina Yew-Hoong, G., Ying-Zhong, T., Aziz, M.A., 2002. Derivation and application
of a new model for heavy metal biosorption by algae. Water Res. 36,
1313-1323.

Ke, M, 1i, Y, Qu, Q, Ye, Y., Peijnenburg, W,, Zhang, Z., et al., 2020. Offspring toxicity
of silver nanoparticles to Arabidopsis thaliana flowering and floral
development. J. Hazard. Mater. 386, 121975.

Kovacik, J., Micalizzi, G., Dresler, S, Babula, P, Hladky, J., Chemodanov, A,, et al.,
2018. Metabolic responses of Ulva compressa to single and combined heavy
metals. Chemosphere 213, 384-394.

Kranzler, C., Rudolf, M., Keren, N, Schleiff, E., 2013. Iron in Cyanobacteria.
Genomics Cyanobacteria 65, 57-105.

Krug, H.F, 2018. The uncertainty with nanosafety: validity and reliability of
published data. Colloids Surf. U 172, 113-117.

Kumar, K.S., Dahms, H.U,, Lee, ].S,, Kim, H.C,, Lee, W.C,, Shin, K.H., 2014. Algal
photosynthetic responses to toxic metals and herbicides assessed by
chlorophyll a fluorescence. Ecotoxicol. Environ. Saf. 104, 51-71.

Kuster, M., Alda, M.L.D., Barceld, D., 2009. Liquid chromatography-tandem mass
spectrometric analysis and regulatory issues of polar pesticides in natural
and treated waters. J. Chromatogr. A 1216, 520-529.

Laabs, V., Wehrhan, A., Pinto, A, Dores, E., Amelung, W., 2007. Pesticide fate in
tropical wetlands of Brazil: An aquatic microcosm study under semi-field
conditions. Chemosphere 67, 975-989.

Lambert, S., Wagner, M., 2018. Microplastics are contaminants of emerging
concern in freshwater environments: an overview. In: Wagner, M., Lambert, S.
(Eds.), Freshwater Microplastics. The Handbook of Environmental Chemistry,
58. Springer, Cham.

Le, H.T,, Ngo, H.T.T,, 2013. Cd, Pb, and Cu in water and sediments and their
bioaccumulation in freshwater fish of some lakes in Hanoi. Vietnam. Toxicol.
Environ. Chem. Rev. 95, 1328-1337.

Leebens-Mack, J.H., Barker, M.S., Carpenter, E.J., Deyholos, M.K.,

Gitzendanner, M.A., Graham, S.W,, et al., 2019. One thousand plant
transcriptomes and the phylogenomics of green plants. Nature 574, 668-679.

Lei, P, Nunes, L.M,, Liu, Y.R,, Zhong, H,, Pan, K., 2019. Mechanisms of algal biomass
input enhanced microbial Hg methylation in lake sediments. Environ. Int.
126, 279-288.

Lei, P, Zhang, H., Shan, B,, Zhang, B., 2016b. Distribution, diffusive fluxes, and
toxicity of heavy metals and PAHs in pore water profiles from the northern
bays of Taihu Lake. Environ. Sci. Pollut. Res. 23, 1-12.

Lei, C, Zhang, L., Yang, K., Zhu, L., Lin, D., 2016a. Toxicity of iron-based
nanoparticles to green algae: Effects of particle size, crystal phase, oxidation
state and environmental aging. Environ. Pollut. 218, 505-512.

Lemire, J.A., Harrison, J.J., Turner, R.J., 2013. Antimicrobial activity of metals:
mechanisms, molecular targets and applications. Nat. Rev. Microbiol. 11,
371-384.

Li, M.L., Costello, D.M., Burton, G.A., 2012. Interactive effects of phosphorus and
copper on Hyalella azteca via periphyton in aquatic ecosystems. Ecotoxicol.
Environ. Saf. 83, 41-46.

Lin, Z., Zhang, W, Pang, S., Huang, Y., Mishra, S., Bhatt, P, 2020. Current approaches
to and future perspectives on methomyl degradation in contaminated
soil/water environments. Molecules 25, 738.

Liu, L., Fokkink, R., Koelmans, A.A., 2016. Sorption of polycyclic aromatic
hydrocarbons to polystyrene nanoplastic. Environ. Toxicol. Chem. 35,
1650-1655.

Liu, B.Y,, Liu, W.Q., Nie, X.P, Guan, C., Yang, Y.F, Wang, Z.H,, et al,, 2011b. Growth
response and toxic effects of three antibiotics on Selenastrum capricornutum
evaluated by photosynthetic rate and chlorophyll biosynthesis. J. Environ. Sci.
23,1558-1563.


http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0029
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0029
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0029
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0029
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0030
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0031
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0031
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0032
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0032
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0032
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0032
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0033
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0034
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0034
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0034
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0035
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0036
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0040
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0038
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0039
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0041
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0042
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0043
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0044
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0045
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0045
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0045
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0045
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0045
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0046
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0047
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0047
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0047
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0048
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0048
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0049
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0050
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0050
http://www.idtechex.com/research
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0051
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0052
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0053
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0055
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0055
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0055
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0055
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0056
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0057
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0058
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0059
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0059
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0059
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0059
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0060
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0060
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0060
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0060
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0061
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0062
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0062
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0062
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0063
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0063
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0063
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0064
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0065
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0066
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0066
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0066
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0066
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0066
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0068
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0068
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0068
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0068
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0068
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0069
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0069
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0069
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0069
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0070
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0072
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0073
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0073
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0073
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0073
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0073
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0074
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0074
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0075
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0076
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0076
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0076
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0076
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0077
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0078
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0078
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0078
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0079
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0079
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0079
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0080
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0082
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0083
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0083
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0083
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0083
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0083
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0081
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0084
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0084
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0084
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0084
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0085
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0085
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0085
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0085
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0086
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0087
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0087
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0087
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0087
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv
http://refhub.elsevier.com/S1001-0742(20)30287-4/optSjjTxGtoIv

JOURNAL OF ENVIRONMENTAL SCIENCES 99 (2021) 175-186 185

Liu, J.Q,, Sun, Z.Q., Lavoie, M., Fan, X.J,, Bai, X.C., Qian, H.F,, 2015a. Ammonium
reduces chromium toxicity in the freshwater alga Chlorella vulgaris. Appl.
Microbiol. Biotechnol. 99, 3249-3258.

Liu, T, Xu, S, Lu, S, Qin, P, Bi, B,, Ding, H., et al., 2018b. A review on removal of
organophosphorus pesticides in constructed wetland: Performance,
mechanism and influencing factors. Sci. Total Environ. 651, 2247-2268.

Liu, L., Zhu, B., Wang, G.X., 2015b. Azoxystrobin-induced excessive reactive oxygen
species (ROS) production and inhibition of photosynthesis in the unicellular
green algae Chlorella vulgaris. Environ. Sci. Pollut. Res. 22, 7766-7775.

Liu, N, Wang, Y.P, Ge, F, Liu, S.X,, Xiao, H.X., 2018a. Antagonistic effect of
nano-ZnO and cetyltrimethyl ammonium chloride on the growth of Chlorella
vulgaris: Dissolution and accumulation of nano-ZnO. Chemosphere 196,
566-574.

Liu, S.S., Wang, C.L., Zhang, J., Zhu, X.W,, Li, W.Y., 2013. Combined toxicity of
pesticide mixtures on green algae and photobacteria. Ecotoxicol. Environ. Saf.
95, 98-103.

Liu, B.Y,, Nie, X.P, Liu, W.Q., Snoeijs, P, Guan, C., Tsui, M.T., 2011a. Toxic effects of
erythromycin, ciprofloxacin and sulfamethoxazole on photosynthetic
apparatus in Selenastrum capricornutum. Ecotoxicol. Environ. Saf. 74,
1027-1035.

Liu, Y., Pan, X, Li, J., 2015c. A 1961-2010 record of fertilizer use, pesticide
application and cereal yields: a review. Agron. Sustainable Dev. 35, 83-93.

Lu, G.H,, Piao, H.T,, Gai, N., Shao, PW,, Zheng, Y., Jiao, X.C,, et al., 2018a.
Pharmaceutical and personal care products in surface waters from the inner
city of Beijing, China: influence of hospitals and reclaimed water irrigation.
Arch. Environ. Contam. Toxicol. 76, 255-264.

Lu, T, Qu, Q. Lavoie, M., Pan, X., Peijnenburg, W.J.G.M., Zhou, Z., et al., 2020a.
Insights into the transcriptional responses of a microbial community to silver
nanoparticles in a freshwater microcosm. Environ. Pollut. 258, 113727.

Lu, T, Xu, N,, Zhang, Q., Zhang, Z., Debognies, A., Zhou, Z., et al., 2020b.
Understanding the influence of glyphosate on the structure and function of
freshwater microbial community in a microcosm. Environ. Pollut. 260, 114012.

Lu, T, Zhang, Q., Lavoie, M., Zhu, Y., Ye, Y., Yang, ], et al., 2019a. The fungicide
azoxystrobin promotes freshwater cyanobacterial dominance through
altering competition. Microbiome 7, 128.

Lu, T, Zhu, Y., Ke, M., Peijnenburg, W.J.G.M., Zhang, M., Wang, T,, et al., 2019b.
Evaluation of the taxonomic and functional variation of freshwater plankton
communities induced by trace amounts of the antibiotic ciprofloxacin.
Environ. Int. 268-278.

Lu, T, Zhu, Y., Xu, J,, Ke, M., Zhang, M., Tan, C,, et al., 2018b. Evaluation of the toxic
response induced by azoxystrobin in the non-target green alga Chlorella
pyrenoidosa. Environ. Pollut. 234, 379-388.

Luo, HW,, Xiang, Y.H,, He, D.Q,, Li, Y., Zhao, Y.Y., Wang, S,, et al., 2019. Leaching
behavior of fluorescent additives from microplastics and the toxicity of
leachate to Chlorella vulgaris. Sci. Total Environ. 678, 1-9.

Mahmood, S., Mehran, L., Mehdi, B., 2018. Application of biomarkers in brown
algae (Cystoseria indica) to assess heavy metals (Cd, Cu, Zn, Pb, Hg, Ni, Cr)
pollution in the northern coasts of the Gulf of Oman. Ecotoxicol. Environ. Saf.
164, 675-680.

Mao, Y., Ai, H,, Chen, Y., Zhang, Z., Zeng, P,, Kang, L., et al., 2018. Phytoplankton
response to polystyrene microplastics: perspective from an entire growth
period. Chemosphere 208, 59-68.

Martin-de-Lucia, I, Campos-Manas, M.C., Agueera, A, Leganes, F,
Fernandez-Pinas, F, Rosal, R., 2018. Combined toxicity of graphene oxide and
wastewater to the green alga Chlamydomonas reinhardtii. Environ. Sci. Nano 5,
1729-1744.

Maillard, E., Payraudeau, S., Faivre, E., Gregoire, C., Gangloff, S., Imfeld, G., 2011.
Removal of pesticide mixtures in a stormwater wetland collecting runoff
from a vineyard catchment. Sci. Total Environ. 409, 2317-2324.

Malysheva, A., Voelcker, N.H., Holm, P.E., Lombi, E., 2016. Unravelling the complex
behavior of AgNPs driving NP-cell interactions and toxicity to algal cells.
Environ. Sci. Technol. 50, 12455-12463.

Mansor, M., 1996. Noxious floating weeds of Malaysia. Hydrobiologia 340, 121-125.

Mauffrey, F, Baccara, PY,, Gruffaz, C., Vuilleumier, S., Imfeld, G., 2017. Bacterial
community composition and genes for herbicide degradation in a stormwater
wetland collecting herbicide runoff. Water Air Soil Poll. 228, 452.

Memet, V., 2013. Dissolved heavy metal concentrations of the Kralkizi, Dicle and
Batman dam reservoirs in the Tigris River basin, Turkey. Chemosphere 93,
954-962.

Mohammed, A.S., Kapri, A., Goel, R., 2011. Heavy metal pollution: source, impact,
and remedies. In: Khan, M., Zaidi, A., Goel, R., Musarrat, J. (Eds.).
Biomanagement of Metal-Contaminated Soils. Environmental Pollution, 20.
Springer, Dordrecht.

Muturi, E.J., Donthu, R.K,, Fields, C.J., Moise, LK., Kim, C.H., 2017a. Effect of
pesticides on microbial communities in container aquatic habitats. Sci. Rep. 7,
44565.

Muturi, E.J., Ramirez, J.L., Doll, K.M., Bowman, M.J., 2017b. Combined toxicity of
three essential oils against Aedes aegypti (Diptera: Culicidae) Larvae. J. Med.
Entomol. 54, 1684-1691.

Navarrete, LA, Tee, K.A.M., Unson, J.R.S., Hallare, A.V,, 2018. Organochlorine
pesticide residues in surface water and groundwater along Pampanga River,
Philippines. Environ. Monit. Assess 190, 289.

Ni, Z.X., Zhang, L., Yu, S, Jiang, Z.J., Zhang, J.P., Wu, Y.C,, et al., 2017. The porewater
nutrient and heavy metal characteristics in sediment cores and their benthic
fluxes in Daya Bay, South China. Mar. Pollut. Bull. 124, 547-554.

Nogueira, PEM., Nakabayashi, D., Zucolotto, V., 2015. The effects of graphene oxide
on green algae Raphidocelis subcapitata. Aquat. Toxicol. 166, 29-35.

Novoselov, K.S., Fal’ko, V.I., Colombo, L., Gellert, P.R., Schwab, M.G., Kim, K., 2012. A
roadmap for graphene. Nature 490, 192-200.

Oberddrster, 2010. Safety assessment for nanotechnology and nanomedicine:
concepts of nanotoxicology. J. Intern. Med. 267, 89-105.

Ottoboni, A., 2011. The dose makes the poison. Nat. Nanotechnol. 6, 329.

Pandey, L.K., Park, J., Son, D.H., Kim, W, Islam, M.S., Choi, S., et al., 2019.
Assessment of metal contamination in water and sediments from major
rivers in South Korea from 2008 to 2015. Sci. Total Environ. 651, 323-333.

Park, C., Jeong, J., 2018. Synergistic cellular responses to heavy metal exposure: a
minireview. Biochim. Biophys. Acta 1862, 1584-1591.

Peng, Y., Fang, W,, Krauss, M., Brack, W., Wang, Z., Li, F, et al., 2018. Screening
hundreds of emerging organic pollutants (EOPs) in surface water from the
Yangtze River Delta (YRD): occurrence, distribution, ecological risk. Environ.
Pollut. 241, 484-493.

Perreault, F,, Bogdan, N., Morin, M., Claverie, J., Popovic, R., 2012. Interaction of gold
nanoglycodendrimers with algal cells (Chlamydomonas reinhardtii) and their
effect on physiological processes. Nanotoxicology 6, 109-120.

Peters, RJ.B.,, Bemmel, G.V,, Milani, N.B.L,, Hertog, G.C.T.D., Undas, A.K., Lee, M.V.D,,
et al,, 2018. Detection of nanoparticles in dutch surface waters. Sci. Total
Environ. 621, 210-218.

Petersen, K., Heiaas, H.H., Tollefsen, K.E., 2014. Combined effects of
pharmaceuticals, personal care products, biocides and organic contaminants
on the growth of Skeletonema pseudocostatum. Aquat. Toxicol. 150, 45-54.

Pham, T.L., 2019. Toxicity of silver nanoparticles to tropical microalgae
Scenedesmus acuminatus, Chaetoceros gracilis and Crustacean Daphnia lumholtzi.
Turk. J. Fish. Quat. Sci. 19, 1009-1016.

Piccinno, F, Gottschalk, F, Seeger, S., Nowack, B., 2012. Industrial production
quantities and uses of ten engineered nanomaterials in Europe and the
world. J. Nanopart. Res. 14, 1-11.

Pinto, E., Sigaud-Kutner, T.C.S., Leitdo, M.A.S., Okamoto, O.K., Morse, D.,
Colepicolo, P, 2003. Heavy metal-Induced oxidative stress in algae. J. Phycol.
39, 1008-1018.

Pizarro, H., Vera, M.S., Vinocur, A., Perez, G., Ferraro, M., Helman, R.J.M,, et al., 2016.
Glyphosate input modifies microbial community structure in clear and turbid
freshwater systems. Environ. Sci. Pollut. Res. 23, 5143-5153.

Priya, R., Ramesh, D, Khosla, E., 2020. Biodegradation of pesticides using
density-based clustering on cotton crop affected by Xanthomonas
malvacearum. Environ. Dev. Sustain. 22, 1353-1369.

Qi, W, Chen, Q., Dong, Y., Xin, S., 2018. Distribution, ecological risk, and source
analysis of heavy metals in sediments of Taizihe River, China. Environ. Earth
Sci. 77, 569.

Qian, H.F, Chen, W, Sheng, G.D., Xu, X,, Liu, W,, Fu, Z., 2008. Effects of glufosinate
on antioxidant enzymes, subcellular structure, and gene expression in the
unicellular green alga Chlorella vulgaris. Aquat. Toxicol. 88, 301-307.

Qian, H.F, Wei, Y,, Bao, G.J, Huang, B.C, Fu, Z.W, 2014. Atrazine affects the circadian
rhythm of microcystis aeruginosa. Chronobiol. Int. 31, 17-26.

Qian, H.F, Li, ]J,, Pan, XJ,, Sun, LW, Lu, T, Ran, H.Y,, et al., 2011. Combined effect of
copper and cadmium on heavy metal ion bioaccumulation and antioxidant
enzymes induction in Chlorella vulgaris. Bull. Environ. Contam. Toxicol. 87,
512-516.

Qian, H.F, Li,].J., Pan, X.J,, Sun, Z.Q., Ye, C.B,, Jin, G.Q., et al., 2012. Effects of
streptomycin on growth of algae Chlorella vulgaris and Microcystis aeruginosa.
Environ. Toxicol. 27, 229-237.

Qian, H.F, Li, J.J,, Sun, L.W,, Chen, W,, Sheng, G.D., Liu, W.P, et al., 2009. Combined
effect of copper and cadmium on Chlorella vulgaris growth and
photosynthesis-related gene transcription. Aquat. Toxicol. 94, 56-61.

Qian, H.F, Sun, Z.Q,, Sun, L.W,, Jiang, Y.F,, Wei, Y,, Xie, ], et al., 2013. Phosphorus
availability changes chromium toxicity in the freshwater alga Chlorella
vulgaris. Chemosphere 93, 885-891.

Qian, H.F, Zhu, K., Lu, H.P, Lavoie, M,, Chen, S., Zhou, Z],, et al,, 2016. Contrasting
silver nanoparticle toxicity and detoxification strategies in Microcystis
aeruginosa and Chlorella vulgaris: new insights from proteomic and
physiological analyses. Sci. Total Environ. 572, 1213-1221.

Qu, Q., Zhang, Z., Peijnenburg, W, Liu, W, Lu, T,, Hu, B,, et al., 2020. Rhizosphere
microbiome assembly and its impact on plant growth. J. Agric. Food Chem. 68,
5024-5038.

Ramakrishnan, B., Megharaj, M., Venketeswarlu, K., Naidu, R., Sethunathan, N,,
2010. The impacts of environmental pollutants on microalgae and
cyanobacteria. Crit. Rev. Environ. Sci. Technol. 40, 699-821.

Rasmussen, S.B., Abrahamsen, P, Nielsen, M.H., Holm, P.E., Hansen, S., 2015. Effects
of single rainfall events on leaching of glyphosate and bentazone on two
different soil types, using the DAISY model. Vadose Zone J. 14.

Reddy, P.V.L, Kavitha, B., Reddy, PA K., Kim, K.H., 2017. TiO, -based photocatalytic
disinfection of microbes in aqueous media: a review. Environ. Res. 154,
296-303.

Ren, L.X., Wang, P.F, Wang, C., Chen, J., Hou, J,, Qian, J., 2017. Algal growth and
utilization of phosphorus studied by combined mono-culture and co-culture
experiments. Environ. Pollut. 220, 274-285.

Reno, U, Regaldo, L., Vidal, E., Mariani, M., Zalazar, C., Gagneten, A.M., 2016. Water
polluted with glyphosate formulations: effectiveness of a decontamination
process using Chlorella vulgaris growing as bioindicator. J. Appl. Phycol. 28,
2279-2286.


http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0089
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0093
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0090
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0090
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0090
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0090
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0091
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0092
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0088
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0094
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0094
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0094
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0094
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0095
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0096
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0097
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0098
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0099
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0100
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0101
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0102
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0102
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0102
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0102
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0103
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0104
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0105
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0106
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0106
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0106
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0106
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0106
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0107
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0107
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0108
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0109
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0109
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0110
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0110
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0110
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0110
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0112
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0113
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0113
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0113
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0113
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0113
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0114
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0114
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0114
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0114
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0114
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0115
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0116
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0116
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0116
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0116
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0117
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0118
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0118
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0119
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0119
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0120
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0121
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0121
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0121
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0122
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0123
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0124
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0125
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0125
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0125
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0125
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0126
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0126
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0127
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0127
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0127
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0127
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0127
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0128
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0129
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0130
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0130
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0130
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0130
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0131
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0131
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0131
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0131
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0131
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0134
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0135
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0133
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0136
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0137
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0138
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0139
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0140
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0141
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0142
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0143
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0143
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0143
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0143
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0143
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0144
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0145

186 JOURNAL OF ENVIRONMENTAL SCIENCES 99 (2021) 175-186

Rico, A., Zhao, W, Gillissen, F, Lurling, M., Van den Brink, PJ., 2018. Effects of
temperature, genetic variation and species competition on the sensitivity of
algae populations to the antibiotic enrofloxacin. Ecotoxicol. Environ. Saf. 148,
228-236.

Rodrigues, E.T., Lopes, L, Pardal, M.A., 2013. Occurrence, fate and effects of
azoxystrobin in aquatic ecosystems: a review. Environ. Int. 53, 18-28.

Rodriguez-Mozaz, S., Chamorro, S., Marti, E., Huerta, B., Gros, M.,

Sanchez-Melsié, A., et al., 2015. . Occurrence of antibiotics and antibiotic
resistance genes in hospital and urban wastewaters and their impact on the
receiving river. Water Res. 69, 234-242.

Saleem, M., Igbal, J., Shah, M.H., 2018. Seasonal variations, risk assessment and
multivariate analysis of trace metals in the freshwater reservoirs of Pakistan.
Chemosphere.

Samadani, M., Dewez, D., 2018. Effect of mercury on the polyphosphate level of
alga Chlamydomonas reinhardtii. Environ. Pollut. 240, 506-513.

Schirmer, K., Auffan, M., 2015. Nanotoxicology in the environment. Environ. Sci.:
Nano 2, 561-563.

Sekine, R., Moore, K.L., Matzke, M., Vallotton, P, Jiang, H., Hughes, G.M,, et al., 2017.
Complementary imaging of silver nanoparticle interactions with green algae:
dark-field microscopy, electron microscopy, and nanoscale secondary ion
mass spectrometry. ACS Nano 11, 7b04556.

Sendra, M., Blasco, J., Araujo, C.V.M., 2018. Is the cell wall of marine phytoplankton
a protective barrier or a nanoparticle interaction site? Toxicological responses
of Chlorella autotrophica and Dunaliella salina to Ag and CeO, nanoparticles.
Ecol. Indic. 95, 1053-1067.

Sendra, M., Yeste, M.P,, Gatica, ].M., Moreno-Garrido, L, Blasco, J., 2017. Direct and
indirect effects of silver nanoparticles on freshwater and marine microalgae
(Chlamydomonas reinhardtii and Phaeodactylum tricornutum). Chemosphere 179,
279-289.

Seymour, J.R,, Amin, S.A., Raina, J.B., Stocker, R., 2017. Zooming in on the
phycosphere: the ecological interface for phytoplankton-bacteria
relationships. Nat. Microbiol. 2, 17065.

Smedbol, E., Gomes, M.P,, Paquet, S., Labrecque, M., Lepage, L., Lucotte, M., et al.,
2018. Effects of low concentrations of glyphosate-based herbicide factor 540
(R) on an agricultural stream freshwater phytoplankton community.
Chemosphere 192, 133-141.

Stoiber, T.L., Shafer, M.M., Armstrong, D.E., 2013. Induction of reactive oxygen
species in chlamydomonas reinhardtii in response to contrasting trace metal
exposures. Environ. Toxicol. 28, 516-523.

Sun, C,, Soltwedel, T, Bauerfeind, E., Adelman, D.A., Lohmann, R., 2016. Depth
profiles of persistent organic pollutants in the North and Tropical Atlantic
Ocean. Environ. Sci. Technol. 50, 6172-6179.

Tang, J.P,, Wang, S, Fan, J.J, Long, S.X., Wang, L., Tang, C., et al., 2019. Predicting
distribution coefficients for antibiotics in a river water-sediment using
quantitative models based on their spatiotemporal variations. Sci. Total
Environ. 655, 1301-1310.

Thomas, G., Andresen, E., Mattusch, J., Hubacek, T., Kupper, H., 2016. Deficiency
and toxicity of nanomolar copper in low irradiance-A physiological and
metalloproteomic study in the aquatic plant Ceratophyllum demersum. Aquat.
Toxicol. 177, 226-236.

Thuy Pham, T.P, Cho, C.W,, Yun, Y.S., 2010. Environmental fate and toxicity of ionic
liquids: a review. Water Res. 44, 352-372.

Tian, Y.S., Gottschalk, F, Hungerbiihler, K., Nowack, B., 2014. Comprehensive
probabilistic modelling of environmental emissions of engineered
nanomaterials. Environ. Pollut. 185, 69-76.

Tien, C.J., Chen, C.S., 2012. Assessing the toxicity of organophosphorous pesticides
to indigenous algae with implication for their ecotoxicological impact to
aquatic ecosystems. J. Environ. Sci. Health Part B 47, 901-912.

Turner, J., Bhattacharya, P,, Lin, S., Ke, P,, 2010. Adsorption of Nanoplastics on Algal
Photosynthesis.

Urs, D, Silke, P, Sondra, K., 2018. Colloidal stabilization of CeO, nanomaterials
with polyacrylic acid, polyvinyl alcohol or natural organic matter. Sci. Total
Environ. 645, 1153-1158.

Van de Perre, D., Roessink, 1., Janssen, C.R., Smolders, E., De Laender, F, Van den
Brink, PJ., et al.,, 2018. The combined and interactive effects of zinc,
temperature, and phosphorus on the structure and functioning of a
freshwater community. Environ. Toxicol. Chem. 37, 2413-2427.

van Hoof, L., Fabi, G,, Johansen, V,, Steenbergen, J., Irigoien, X., Smith, S,, et al., 2019.
Food from the ocean; towards a research agenda for sustainable use of our
oceans’ natural resources. Mar. Policy 105, 44-51.

Van Regenmortel, T., De Schamphelaere, K.A.C., 2018. Mixtures of Cu, Ni, and Zn
act mostly noninteractively on pseudokirchneriella subcapitata growth in
natural waters. Environ. Toxicol. Chem. 37, 587-598.

Vasquez, M.I, Lambrianides, A., Schneider, M., Kummerer, K., Fatta-Kassinos, D.,
2014. Environmental side effects of pharmaceutical cocktails: What we know
and what we should know. J. Hazard. Mater. 279, 169-189.

Vera, M.S,, Di Fiori, E., Lagomarsino, L., Sinistro, R., Escaray, R., lummato, M.M.,
et al,, 2012. Direct and indirect effects of the glyphosate formulation Glifosato
Atanor (R) on freshwater microbial communities. Ecotoxicology 21, 1805-1816.

Wang, H., Guo, R, Ki, J.S., 2018. 6.0 K microarray reveals differential transcriptomic
responses in the dinoflagellate Prorocentrum minimum exposed to
polychlorinated biphenyl (PCB). Chemosphere 195, 398-409.

Wang, J., Wang, S., 2016. Removal of pharmaceuticals and personal care products
(PPCPs) from wastewater: a review. J. Environ. Manage. 182, 620-640.

Wang, Y., Nowack, B., 2018. Dynamic probabilistic material flow analysis of
nano-SiO,, nano iron oxides, nano-CeO,, nano-Al, 03, and quantum dots in
seven European regions. Environ. Pollut. 235, 589-601.

Wei, Y., Zhu, N., Lovie, M., Wang, J.Y., Qian, H.F,, Fu, Z.W,, 2014. Copper toxicity to
Phaeodactylum tricornutum: a survey of the sensitivity of various toxicity
endpoints at the physiological, biochemical, molecular and structural levels.
Biometals 27, 527-537.

Whiteley, C.M., Valle, M.D., Jones, K.C., Sweetman, AJ., 2013. Challenges in
assessing release, exposure and fate of silver nanoparticles within the UK
environment. Environ. Sci-Proc. Imp. 15, 2050-2058.

Williams, G.M., Kroes, R., Munro, I.C., 2000. Safety evaluation and risk assessment
of the herbicide roundup and its active ingredient, glyphosate, for humans.
Regul. Toxicol. Pharmacol. 31, 117-165. doi:10.1006/rtph.1999.1371.

Wu, B., Wu, J,, Liu, S,, Shen, Z., Chen, L., Zhang, X.X., et al., 2019. Combined effects
of graphene oxide and zinc oxide nanoparticle on human A549 cells:
bioavailability, toxicity and mechanisms. Environ. Sci.: Nano. 6, 635-645.

Xia, B., Chen, B., Sun, X., Qu, K., Ma, F, Du, M., 2015. Interaction of TiO 2
nanoparticles with the marine microalga Nitzschia closterium: Growth
inhibition, oxidative stress and internalization. Sci. Total Environ. 508,
525-533.

Xie, J,, Bai, X.C., Lavoie, M., Lu, H.P, Fan, X.J,, Pan, X.L,, et al., 2015. Analysis of the
proteome of the marine diatom Phaeodactylum tricornutum exposed to
aluminum providing insights into aluminum toxicity mechanisms. Environ.
Sci. Technol. 49, 11182-11190.

Xiong, Q. Hu, L.X,, Liu, Y.S,, Wang, T.T., Ying, G.G., 2019. New insight into the toxic
effects of chloramphenicol and roxithromycin to algae using FTIR
spectroscopy. Aquat. Toxicol. 207, 197-207.

Xu, J., Zhang, Y., Zhou, C., Guo, C., Wang, D., Du, P, et al., 2014. Distribution, sources
and composition of antibiotics in sediment, overlying water and pore water
from Taihu Lake, China. Sci. Total Environ. 497-498, 267-273.

Yang, L., He, J.T,, Su, S.H,, Cui, Y.F,, Huang, D.L., Wang, G.C., 2017. Occurrence,
distribution, and attenuation of pharmaceuticals and personal care products
in the riverside groundwater of the Beiyun River of Beijing, China. Environ.
Sci. Pollut. Res. 24, 1-14.

Yang, X., Gondikas, A.P, Marinakos, S.M., Auffan, M,, Liu, J., Hsu-Kim, H,, et al,,
2012. Mechanism of silver nanoparticle toxicity is dependent on dissolved
silver and surface coating in Caenorhabditis elegans. Environ. Sci. Technol. 46,
1119-1127.

Yamagishi, T., Horie, Y., Tatarazako, N., 2017. Synergism between macrolide
antibiotics and the azole fungicide ketoconazole in growth inhibition testing
of the green alga Pseudokirchneriella subcapitata. Chemosphere 174, 1-7.

Ye, N, Wang, Z., Fang, H., Wang, S., Zhang, F,, 2017. Combined ecotoxicity of binary
zinc oxide and copper oxide nanoparticles to Scenedesmus obliquus. Environ.
Lett. 52, 555-560.

Yu, SK,, Liu, Y,, Zhang, J., Gao, B.Y,, 2019. Influence of mixed antibiotics on
Microcystis aeruginosa during the application of glyphosate and hydrogen
peroxide algaecides. J. Phycol. 55, 457-465.

Yung, M.M.N,, Fougeres, P.A,, Leung, Y.H,, Liu, F.Z,, Djurisic, A.B., Giesy, J.P,, et al,,
2017. Physicochemical characteristics and toxicity of surface-modified zinc
oxide nanoparticles to freshwater and marine microalgae. Sci. Rep. 7, 15909.

Zhang, C., Chen, X.H,, Tan, L.J., Wang, ].T., 2018a. Combined toxicities of copper
nanoparticles with carbon nanotubes on marine microalgae Skeletonema
costatum. Environ. Sci. Pollut. Res. 25, 13127-13133.

Zhang, C., Chen, X., Wang, J., Tan, L., 2016. Toxic effects of microplastic on marine
microalgae Skeletonema costatum: interactions between microplastic and
algae. Environ. Pollut. 220, 1282-1288.

Zhang, M., Lu, T, Paerl, HW,, Chen, Y.L,, Zhang, Z.Y., Zhou, Z.G,, et al., 2019a.
Feedback regulation between aquatic microorganisms and the
bloom-forming cyanobacterium. Microcystis Aeruginosa 85, €10319-e10362.

Zhang, Q,, Qu, Q, Lu, T, Ke, M., Zhu, Y., Zhang, M,, et al., 2018c. The combined
toxicity effect of nanoplastics and glyphosate on Microcystis aeruginosa
growth. Environ. Pollut. 243, 1106-1112.

Zhang, M., Yang, J., Tang, L., Zhang, D., Pan, X., 2020. Lability-specific enrichment of
typical engineered metal (oxide) nanoparticles by surface-functionalized
microbubbles from waters. Sci. Total Environ. 719.

Zhang, Y., Guo, J., Yao, T,, Zhang, Y., Zhou, X., Chu, H., 2019b. The influence of four
pharmaceuticals on Chlorellapyrenoidosa culture. Sci. Rep. 9, 1624.

Zhang, Z.Y,, Fan, X ], Peijnenburg, W.J.G.M., Zhang, M., Sun, L.W,, Zhai, YJ.,, et al,,
2021. Alteration of dominant cyanobacteria in different bloom periods caused
by abiotic factors and species interactions. J. Environ. Sci. 99, 1-9.

Zhang, P, Zhou, H,, Li, K., Zhao, X, Liu, Q., Li, D., et al., 2018b. Occurrence of
pharmaceuticals and personal care products, and their associated
environmental risks in a large shallow lake in north China. Environ.
Geochem. Health 40, 1525-1539.

Zhou, S.B., Yuan, X.Z., Peng, S.C., Yue, ].S., Wang, X.F, Liu, H.,, et al., 2014.
Groundwater-surface water interactions in the hyporheic zone under climate
change scenarios. Environ. Sci. Pollut. Res. 21, 13943-13955.

Zhu, X.F, Zou, D.H., Huang, Y.H,, Cao, ].M,, Sheng, G.C., Wang, G.X., 2015.
Physiological responses of Hizikia fusiformis (Phaeophyta) to mercury
exposure. Bot. Marina 58, 93-101.

Zhu, Y, Xu, ], Lu, T,, Zhang, M., Ke, M,, Fu, Z,, et al., 2017. A comparison of the
effects of copper nanoparticles and copper sulfate on Phaeodactylum
tricornutum physiology and transcription. Environ. Toxicol. Pharmacol. 56,
43-49.


http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0146
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0147
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0147
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0147
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0147
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0148
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0149
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0149
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0149
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0149
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0150
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0150
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0150
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0151
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0151
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0151
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0152
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0153
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0153
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0153
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0153
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0154
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0155
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0155
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0155
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0155
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0155
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0157
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0159
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0159
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0159
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0159
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0160
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0161
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0163
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0164
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0164
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0164
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0164
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0165
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0165
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0165
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0165
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0165
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0166
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0166
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0166
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0167
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0167
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0167
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0167
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0168
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0169
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0170
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0170
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0170
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0171
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0172
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0173
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0173
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0173
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0173
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0174
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0174
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0174
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0175
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0175
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0175
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0176
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0177
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0177
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0177
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0177
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0177
https://doi.org/10.1006/rtph.1999.1371
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0178
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0179
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0180
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0181
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0182
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0183
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0184
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0185
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0185
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0185
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0185
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0186
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0188
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0188
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0188
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0188
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0188
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0189
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0190
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0190
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0190
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0190
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0190
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0191
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0191
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0191
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0191
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0191
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0194
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0193
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0195
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0196
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0197
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0192
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0198
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0199
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200
http://refhub.elsevier.com/S1001-0742(20)30287-4/sbref0200

