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Abstract  12 

Nanoplastics have attracted increasing attention in recent years due to their 13 

widespread existence in the environment and the potential adverse effects on living 14 

organisms. In this paper, the toxic effects of nanoplastics on organisms were 15 

systematically reviewed. The translocation and absorption of nanoplastics, as well as 16 

the release of additives and contaminants adsorbed on nanoplastics in the organism 17 

body were discussed, and the potential adverse effects of nanoplastics on human 18 

health were evaluated. Nanoplastics can be ingested by organisms, be accumulated in 19 

their body and be transferred along the food chains. Nanoplastics showed effects on 20 

the growth, development and reproduction of organisms, and disturbing the normal 21 

metabolism. The toxic effects on living organisms mainly depended on the surface 22 

chemical properties and the particle size of nanoplastics. Positively charged 23 

nanoplastics showed more significant effects on the normal physiological activity of 24 

cells than negatively charged nanoplastics, and smaller particle sized nanoplastics 25 

could more easily penetrate the cell membranes, hence, accumulated in tissues and 26 

cells. Additionally, the release of additives and contaminants adsorbed on nanoplastics 27 

in organism body poses more significant threats to organisms than nanoplastics 28 

themselves. However, there are still knowledge gaps in the determination and 29 

quantification of nanoplastics, as well as their contaminant release mechanisms, 30 

degradation rates and process from large plastics to nanoplastics, and the 31 

transportation of nanoplastics along food chains. These challenges would hinder the 32 

risk assessment of nanoplastics in the environment. It is necessary to further develop 33 
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the risk assessment of nanoplastics and deeply investigate its toxicological effects.  34 

Keywords: Nanoplastics; Organisms; Humans; Toxic effects; Toxicity assessment 35 
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1. Introduction  37 

Nowadays, the production and application of plastics are increasing. In 2015, the 38 

global amount of plastic production has reached 322 million tons (PlasticsEurope, 39 

2016). Due to the chemical stability, persistence, bioaccumulation of plastics, the 40 

problem of plastic pollution in the environment is becoming increasingly prominent 41 

(Barnes et al., 2009; Fossi et al., 2016; Hu et al., 2019; Shen et al., 2019). Up to now, 42 

plastics wastes have been detected in soils (Zhang and Liu, 2018), lakes (Xiong et al., 43 

2018b), sediments (Abidli et al., 2018; Rodrigues et al., 2018; Wen et al., 2018), 44 

oceans (Keswani et al., 2016; Mendoza et al., 2018), and even in places with rare 45 

human activities, such as Antarctic (Munari et al., 2017) and Arctic (Cózar et al., 2017; 46 

Peeken et al., 2018). Plastic wastes can be degraded into small fragments or particles 47 

due to weathering, sunlight radiation and biodegradation. The plastic species with the 48 

particle sizes less than 5 mm were defined as microplastics (Thompson et al., 2004). 49 

Cosmetics and detergents that contains small plastic particles are the major sources of 50 

microplastics (Duis and Coors, 2016; Lei et al., 2017). The characteristics of small 51 

particle size and low density enable microplastics to escape the traditional wastewater 52 

treatment process and enter into the marine systems (Carr et al., 2016; Murphy et al., 53 

2016). Microplastics can be further degraded to nanoplastics, which have the particle 54 

size between 1 nm and 100 nm (Jambeck et al., 2015). The commercial application of 55 

nanoplastics is also an important source of nanoplastics in the environment.  56 

Compared with other nanomaterials, such as carbon nanomaterials (Gong et al., 57 

2009; He et al., 2018b; Xiong et al., 2018a; Yi et al., 2018) and metal nanomaterials 58 
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(He et al., 2018a; Qin et al., 2018; Xu et al., 2012; Yang et al., 2018), the research of 59 

nanoplastics is still in its infancy. Due to the limitation of technology, the degradation 60 

processes and degradation rates of microplastics to nanoplastics are not yet clear. But 61 

it is certain that the decomposition processes will not stop and the microplastics will 62 

continue to form nanoplastics (Mattsson et al., 2015). It is a long-term and lasting 63 

process in the environment. The amount of nanoplastics in the environment is not yet 64 

known, because there are no effective methods for the determination, quantification 65 

and assessment. Due to the considerably small particle size, nanoplastics are widely 66 

distributed in the aquatic environment and can be easily ingested by organisms. Lu et 67 

al showed that polystyrene (PS) nanoplastics (70 nm) could be ingested and 68 

accumulated in the body of zebrafish (Danio rerio) (Lu et al., 2016). The authors 69 

further found that PS nanoplastics with a concentration of 20 μg·L-1 (1.1 × 108 70 

particles/mL) could cause local infection and lipid aggregation in the liver, resulting 71 

in metabolic disorders and energy cycling disruption. Kashiwada et al studied the 72 

uptake and accumulation of PS nanoplastics in medaka (Oryzias latipes) (Kashiwada, 73 

2006), and found that PS nanoplastics (39.4 nm, 10 mg·L-1) were mainly distributed 74 

in gills and viscera, but also in testis, liver and blood. More seriously, PS nanoplastics 75 

could pass through the blood-brain barrier, a highly selective barrier that can prevent 76 

the entry of potential neurotoxins via an active transport mechanism mediated by 77 

P-glycoprotein, and enter into the brain tissues, posing profound effects on organisms. 78 

On the other hand, nanoplastics could be transported along the food chain, eventually 79 

accumulated in the higher trophic levels, such as fish, birds, and even human beings. 80 
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Cedervall et al showed that PS nanoplastics (28 nm) at a concentration of 0.01% (w/v) 81 

could transfer along the food chain from algae to zooplankton and fish, and the 82 

feeding behavior and lipid metabolism of fish were noticeably affected (Cedervall et 83 

al., 2012). Nanoplastic particles can adsorb chemical substances from water (heavy 84 

metals, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, etc.), which 85 

may aggravate the adverse effects of nanoplastics on living organisms (Koelmans et 86 

al., 2016). Once these nanoplastic-contaminant complexes were ingested, 87 

contaminants can be simultaneously absorbed by organisms. Plastic additives and 88 

polymer monomers, such as bisphenol A, anti-ultraviolet radiation stabilizers, 89 

polybrominated diphenyl ethers and phthalates, can be released during degradation 90 

process. Many of these additives and polymer monomers are toxic to organisms, and 91 

can bring about acute poisoning symptoms, endocrine disorders, and reproduction 92 

toxicity (Bejgarn et al., 2015). Consequently, nanoplastic contamination should be 93 

seriously considered, and the ecotoxicity and environmental risks of nanoplastics need 94 

to be well studied.  95 

Although some studies have been carried out on the toxicity of nanoplastics, 96 

further efforts are still needed. For example, to date, toxicological studies on 97 

nanoplastics mostly focused on model organisms, such as zebrafish and earthworm, 98 

but few experimental studies on toxicity of nanoplastics in mammals were carried out. 99 

Although nanoplastics could enter the cell membranes and blood circulation of 100 

organisms, the metabolic system of lower trophic levels is different from that of 101 

human beings and the ability of clearance and resistance to nanoplastics is also 102 
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different. The release of toxic pollutants from nanoplastics was affected by many 103 

factors, so it was not certain whether or not toxic substances would be released in the 104 

human body. In this paper, in order to provide valuable reference for the biological 105 

safety assessment and potential toxicity studies of nanoplastics, sources and 106 

environment behaviors of nanoplastics, toxic effects of nanoplastics on organisms, 107 

toxic effects of pollutants brought about by nanoplastics, and potential human health 108 

risks are comprehensively reviewed, and some future research needs are proposed. 109 

2. Sources and environmental behaviors of nanoplastics  110 

The sources of microplastics in marine environment were mainly from 111 

land-based input, aquatic aquaculture and fishing, and coastal tourism (Browne et al., 112 

2011). It has been reported that about 800 million tons of plastic wastes in the ocean 113 

from the land (Jambeck et al., 2015). Due to small particle size, traditional wastewater 114 

treatment processes could not thoroughly remove such plastic particles, which cause 115 

huge amount of microplastic particles entering the marine environment (Vance et al., 116 

2015). Loss or erosion of soil polluted by microplastics is another way of the 117 

land-based source of microplastics to the marine environment (Horton et al., 2017). In 118 

addition, shipping industry and coastal tourism cause the release of a large number of 119 

plastic products and wastes into the beach and ocean, which is an important reason for 120 

the increase of marine plastic pollution. According to the estimation issued by the 121 

United Nations Environment Program, the amount of waste plastics was about 275 122 

million tons in 2010, and approximately 4.8 – 12.7 million tons entered the marine 123 

system (Mattsson et al., 2015).  124 
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Compared with terrestrial ecosystem, plastic wastes are more easily decomposed 125 

into smaller plastic fragments because of the effects of high salinity and 126 

microorganisms in the marine environment (Sudhakar et al., 2007; Watters et al., 127 

2010). The mechanism of degradation can be divided into two pathways: 128 

non-biodegradation and biodegradation (Figure 1). Non-biodegradation of plastics 129 

mainly includes thermal degradation, physical degradation, photodegradation, 130 

thermos-oxidative degradation and hydrolysis (Andrady, 2011). Thermal degradation 131 

of plastics is a commercial degradation process and do not occur in the environment. 132 

Physical degradation is an important process of large plastic wastes into fragments, 133 

and this process is mainly controlled by weathering and sea waves. Hydrolysis, a 134 

bond breaking reaction, is an efficient process contributing to the degradation of 135 

plastics in aquatic environment, changing the high polymer to low polymer. 136 

Photodegradation is a very efficient non-biodegradation method of plastic degradation 137 

in the environment. These types of plastic degradation would decompose the structure, 138 

change the mechanical properties of high polymers, and increase the effective surface 139 

area of plastics during their physical-chemical reactions and their interactions with 140 

microorganisms (Nathalie et al., 2008). Biodegradation is another important pathway 141 

that further degrades plastic fragments into nanoplastics in the environment (Trishul 142 

and Mukesh, 2010). During the biodegradation, plastics are often degraded outside the 143 

bacteria. Extracellular enzymes excreted by living microorganisms can breakdown the 144 

polymer chains. This process produces smaller plastic particles of different structure, 145 

eventually forming nanoplastics. Once reaching to the nanoscale level, the specific 146 
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surface area will extensively increase. For example, the specific surface area of a 147 

common plastic bag (0.2 m2) would become of 2600 m2 after being totally 148 

decomposed into nanoplastic particles with the average diameters of 40 nm (Mattsson 149 

et al., 2015). With the extensive plastic wastes entering the marine environment, large 150 

amount of nanoplastics would be generated.  151 

Furthermore, nanoplastics can act as carriers of chemical and biological 152 

contaminants (Hodson et al., 2017; Koelmans et al., 2016; Lagana et al., 2019). 153 

Nanoplastics can adsorb chemical contaminants due to their low polarity and high 154 

roughness surface characters. The accumulation of chemical contaminants on the 155 

surface of nanoplastics increased their potential of transport and uptake by organisms, 156 

because of the ubiquitous existence of nanoplastics (Pittura et al., 2018). 157 

Contaminants can enter the food chain via ingestion of these nanoplastics by 158 

organisms, thereby increasing the bioavailability of chemical contaminants to the 159 

organisms. Nanoplastics can also adsorb harmful algae, bacteria and viruses. The 160 

aggregation of these harmful species may induce gene exchange among different 161 

species and promote the diffusion ability of drug resistant bacteria and pathogenic 162 

bacteria, which may aggravate toxicological and pathological responses to organisms. 163 

New bacteria may be produced during the gene exchange. In particular, pathogenic 164 

and antibiotic resistance bacteria contain abundant pathogenic and antibiotic 165 

resistance genes, which may be transferred by multi pathways between communities 166 

on biofilms (Arias-Andres et al., 2018; Parthasarathy et al., 2019; Schmidt et al., 167 

2014). The presence of nanoplastics may enhance the migration of antibiotic 168 
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resistance genes because of their strong floatability and mobility. Antibiotic resistance 169 

genes may be transferred to different areas. The exchange of antibiotic resistance 170 

genes between communities or the surrounding environment and the presence of 171 

antibiotic resistance bacteria may result in huge uncontrollable disasters.  172 

3. Toxic effects of nanoplastics on organisms 173 

Research on the impacts of nanoplastics to organisms showed that nanoplastics 174 

could be ingested and accumulated by various organisms. They can enter the 175 

circulatory system through enteric tissues, causing toxic effects at cellular and 176 

molecular levels. The adverse effects of nanoplastics on organisms are closely 177 

associated with the particle size, composition, morphology, aging time and surface 178 

properties. Some examples of toxicity evaluations of nanoplastics to organisms are 179 

shown in Table 1. 180 

Bhattacharya et al showed that charged PS nanoplastics (20 nm) can be easily 181 

adsorbed on the surface of green algae (2 – 10 μm) and affect its photosynthesis 182 

process (Bhattacharjee et al., 2014). The authors further showed that the absorption 183 

capacity of nanoplastics on the surface of these algae by scallops was greatly 184 

enhanced. Another research performed by Della et al reported that charged PS 185 

nanoplastic particles (40 nm) were easily accumulated in the digestive tract of sea 186 

urchin; as compared with negatively charged particles (PS-COOH), positively 187 

charged particles (PS-NH2) showed more obvious toxicity to sea urchin (Della et al., 188 

2014). PS-NH2 nanoplastics could bind to lipid bilayers on the cell membrane with 189 

high affinity, which promotes the cell absorption through endocytosis. Canesi et al 190 
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suggested that PS-NH2 could decrease lysosomal membrane stabilization, 191 

significantly increase oxyradical production in hemolymph serum, and induce rapid 192 

cellular damage such as membrane blebbing and loss of filopodia (Canesi et al., 2016). 193 

The generation of PS-NH2 protein corona in hemolymph serum was observed with the 194 

existence of PS-NH2. Micro-scale aggregates of PS-COOH nanoplastics occurred in 195 

the media, which may efficiently reduce the bioavailability of PS-COOH nanoplastics 196 

and decrease its toxicity. Actually, PS-NH2 nanoplastics could exist as nanoparticles 197 

in the environment for a long time, which greatly increases their bioavailability, 198 

exposure risk, and the ability of penetrating cells and tissues.  199 

Composition and particle size of nanoplastic polymers would also have 200 

significant effects on the toxicity of nanoplastics to organisms. Smaller nanoplastics 201 

may more easily enter the body tissues and cells. The remove of these nanoplastic 202 

particles is even more difficult, thereby increasing their exposure period and risks to 203 

organisms. The nanoplastics toxic effects on various test subjects, including different 204 

polymers used in experiments and different toxic endpoints, were summarized based 205 

on previously published literature (Figure 2). Compared with other nanoplastics, PS 206 

and polymethylmethacrylate (PMMA) nanoplastics were more commonly used. This 207 

may be due to the difficulty in the synthesis of other polymers. Ward et al reported 208 

that mussels (Mytilus edulis) could directly absorb PS nanoplastic particles (30 and 209 

100 nm) through the intestine (Ward and Kach, 2009). Evidence showed that 210 

bioaccumulation of PMMA nanoplastics occurred in barnacles at even low 211 

concentrations (1 ppm) in chronic exposure tests (Bhargava et al., 2018). PMMA 212 
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nanoplastics could persist in the body throughout the whole stage of growth and 213 

development from Nauplius to juvenile barnacle, posing a potential long-term threat 214 

on invertebrate communities. The abundance of mRNA transcript was obviously 215 

increased and the immune system might be impaired after exposure to PMMA 216 

nanoplastics. Nanoplastics could change molecular signaling pathway and potentially 217 

interfere with the metabolism of lipids.  218 

The coexistence of nanoplastics and other nanoparticles or chemical substances 219 

would significantly affect their toxic effects on organisms. Dong et al studied the 220 

combined toxicity of PS nanoplastics and titanium dioxide (TiO2) nanoparticles on 221 

nematode (Caenorhabditis elegans) (Dong et al., 2018). The authors found that 222 

co-exposure to PS and TiO2 nanoparticles changed the molecular basis of oxidative 223 

stress. The presence of PS nanoplastics further enhanced the toxicity of TiO2 224 

nanoparticle via inducing intestinal reactive oxygen species production and 225 

decreasing locomotion behaviors in sod-3 mutant nematodes. Another study showed 226 

that mussel (Mytilus galloprovincialis) was more sensitive to PS nanoplastics 227 

exposure even at low concentrations (0.05 mg·L-1) (Brandts et al., 2018). PS 228 

nanoplastics changed the expression of gene, decreased the enzymatic activity, 229 

induced effects on neurotransmission, increased the oxidative status and finally 230 

resulted in peroxidative damage (Brandts et al., 2018). Chen et al reported that both 231 

bisphenol A and PS nanoplastics (50 nm) could result in myelin basic protein or gene 232 

up-regulation in the central nervous system, and significantly inhibit 233 

acetylcholinesterase activity of zebrafish (Danio rerio) (Chen et al., 2017). The 234 
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existence of PS nanoplastics obviously enhanced neurotoxic effects in central nervous 235 

system and dopaminergic system. Besides, PS nanoplastics could be transferred along 236 

the food chain (algae–zooplankton–fish), the lipid metabolism and behavior of 237 

crucian were significantly affected (Cedervall et al., 2012).  238 

At present, due to the small particle size of nanoplastics, the detection methods 239 

of nanoplastics in biological tissues are few, and there are relatively few studies on the 240 

composition, distribution of nanoplastics and their impact on the environment and 241 

organisms. Although the growth, development and reproductive toxicity of living 242 

organisms by nanoplastics has been revealed, huge concentrations of nanoplastics 243 

were used to test the effects within short periods (Table 1), and these concentrations 244 

cannot occur in the environment. More tests are needed to examine the impacts of 245 

lower dosage or environmental dosage and long-term exposure to nanoplastics. 246 

Moreover, to date, most researches on toxicity and risk assessments of nanoplastics 247 

were performed using PS materials. We expect that more studies are needed using 248 

other nanoplastic materials such as polypropylene (PP), polyethylene (PE), polyvinyl 249 

chloride (PVC), polyethylene terephthalate (PET), etc. Many conclusions and 250 

phenomena of nanoplastics in organisms need to be further explored. 251 

4. Toxic effects of pollutants brought about by nanoplastics  252 

4.1 Additives  253 

Some chemical compounds are often used in the production of plastics, such as 254 

anti-ultraviolet radiation stabilizers, phthalates and bisphenol A (Hirai et al., 2011). It 255 

is worth mentioning that plastic polymer monomers, such as styrene monomers, and 256 
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phthalates can be easily released from plastic matrices during decomposition and 257 

degradation. Evidence showed that these additives and polymer monomers have 258 

estrogenic or anti-androgenic (Fries et al., 2013), reduction of reproductive rate and 259 

endocrine disrupting effects on organisms (Iguchi et al., 2006). The release of 260 

additives from microplastics or nanoplastics was affected by many factors, such as 261 

ionic strength of leaching solution, aging time, surface roughness, polymer type, etc. 262 

The mortality, growth inhabitation and abnormal embryo of organisms caused by the 263 

exposure to micro(nano)plastic leaching solution have been revealed. We summarized 264 

recent toxicity tests of plastic leachates of different polymer types. According to these 265 

studies (as seen in Table 2), manufacturing process, polymer type, aging time and 266 

particle size had obvious influences on the toxicity of leaching solution. However, 267 

there are few data on the toxicity of leaching solution to nanoplastics. Further 268 

researches on release mechanism of polymer monomer and additives from 269 

nanoplastics and toxicity exposure of leaching solution are needed.  270 

4.2 Attached contaminants 271 

Due to large specific surface area and inherent hydrophobicity, persistent organic 272 

pollutants (such as polychlorinated biphenyls (PCBs) (Ren et al., 2018b; Velzeboer et 273 

al., 2014) and polybrominated diphenyl ethers (PBDEs) (Ren et al., 2018a; Ye et al., 274 

2017a; Ye et al., 2017b)) and heavy metals (Tang et al., 2018) can be easily adsorbed 275 

on the surface of plastic particles. Mato et al reported that concentrations of PCBs and 276 

dichloro-diphenyl-trichloroethane (DDT) in plastic particles were significant higher 277 

than in surrounding sea waters, demonstrating strong affinity of plastics for these 278 
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chemicals (Mato et al., 2001). Polymer type, particle size and surface structure of 279 

nanoplastics are important factors affecting the surface bound contaminants (Guo et 280 

al., 2012). Nowadays, few studies are conducted on the adsorption of pollutants by 281 

nanoplastics, however, researches on the adsorption of pollutants by microplastics 282 

have been carried out.  283 

Laboratory studies generally suggested that pollutants adsorbed on the surface of 284 

micro(nano)plastics can be transported and accumulated into organisms via feeding 285 

behaviors. Nevertheless, there is no clear conclusion of whether a linear relationship 286 

exists between the concentrations of micro(nano)plastics and the residual 287 

concentrations of pollutants. For instance, Browne et al showed that the contents of 288 

pollutants in the abdominal wall and intestine of Arenicola marina increased 289 

significantly after being fed with microplastics and gravel (Browne et al., 2013). The 290 

authors further showed that there was no clear judgment whether pollutants were 291 

adsorbed on gravel or onto microplastics. Besseling et al reported that the relationship 292 

between concentrations of microplastics and content of ingested pollutants was 293 

complex in Arenicola marina after being exposed to soils containing microplastics 294 

and PCBs (Besseling et al., 2013). The study found that when the concentration of 295 

microplastics was low, the accumulation of PCBs in the organisms increased 296 

obviously; however, when the concentration of microplastics rose to a higher level, 297 

the aggregation of PCBs slightly decreased. Another study also reported that no 298 

significant influence on the concentration of PBDEs in earthworms (Eisenia fetida) by 299 

the addition of microplastics was observed (Gaylor et al., 2013). Chua et al showed 300 
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that microplastics and nanoplastics could serve as vectors for pollutants when entering 301 

marine organisms, while the transport and absorption efficiency of pollutants was 302 

related to their inherent properties (Chua et al., 2014).  303 

On the other hand, some simulation experiments showed that the migration 304 

ability of pollutants on the surface of microplastics was limited (Gouin et al., 2011; 305 

Koelmans et al., 2013). Gouin et al studied the effects of different temperature, pH 306 

and intestinal surfactants on the accumulation of pollutants on the surface of 307 

microplatics using a single storehouse model (Gouin et al., 2011). The results showed 308 

that microplastics had little effect on the intake of pollutants via the organism 309 

intestinal. Meanwhile, according to the research on thermodynamic food web model, 310 

pollutants on the surface of microplastics also had less contribution to the total 311 

amount of transfer and accumulation of pollutants in organisms. Another simulation 312 

study on North Sea cod (Gadus morhua) also suggested that microplastics had less 313 

effect on the aggregation of pollutants in organisms (Koelmans et al., 2013). However, 314 

some complicated factors were not taken into account in these models, such as the 315 

accumulation of pollutants in lipids and the existence of absorption and distribution 316 

dynamics. These factors would lead to the gradual dissociation of pollutants from 317 

microplastics and consequently the absorption and accumulation of pollutants in the 318 

intestinal tract of organisms. Therefore, more reasonable and explicit models should 319 

be established in further researches to simulate the release and accumulation of 320 

pollutants attached on microplastics in organisms. 321 

5. Potential human health risks of nanoplastics  322 
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5.1 Translocation and absorption in the body 323 

Evidences showed that these tiny particles can be transferred along the food 324 

chain to higher trophic level organisms, or into the human food chain through other 325 

pathways (such as via sea salt or animal feed) (Yang et al., 2015). It is of great value 326 

to investigate and evaluate the transportation, absorption and toxic effects of 327 

nanoplastics in the human body. More recently, the studies on the toxic effects of 328 

nanoplastics were mainly focused on their transportation and absorption efficiency in 329 

the intestine, and their accumulation in tissues of various model animals. We here 330 

reviewed the endocytosis mechanism and toxicity evaluation of micro(nano)plastics 331 

in various animals and in vitro models (Table 3).  332 

Whether nanoplastics can break the intestinal barrier and enter other parts after 333 

being ingested is an important basis for studying whether nanoplastics can be 334 

accumulated in organisms. This would be an important starting point for analyzing 335 

and assessing the toxic effects of nanoplastics. For example, in vivo and in vitro tests 336 

are important methods to investigate the endocytosis and absorption mechanisms of 337 

nanoplastics. Studies on a series of different types of nanoplastics suggested that they 338 

can cross the intestinal barrier into the circulatory system and eventually lead to 339 

systemic exposure (Bouwmeester et al., 2015). Magrì et al simulated that the 340 

interaction between PET nanoplastics and cells using in vitro Transwell model of the 341 

intestinal epithelium (Magri et al., 2018). The authors reported that PET nanoplastics 342 

(26.7 nm) showed small size and long-term stability in various biological media, 343 

which increase the possibility of living organism exposure. No obvious toxic effects 344 
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were observed during the evaluation of the biological impact of PET nanoplastics on 345 

ingestion on human intestinal cells, but they can efficiently pass through an in vitro 346 

Transwell model of the intestinal epithelium. The absorption and transportation in 347 

vivo of nanoplastics was depended on their own structure and properties, such as 348 

chemical composition and surface modification. The oral bioavailability of 50 nm PS 349 

nanoplastics was in the range of 0.2% – 7% (Jani et al., 2011). However, some studies 350 

reported that the bioavailability of 60 nm PS nanoplastics was relatively high, ranging 351 

from 1.5 % to 10% (Hillery et al., 2008; Mishra et al., 2018). The possible reasons for 352 

such variation may be related to the aging time and surface modification of 353 

nanoplastics. Due to the difference of surface modification, the bioavailability of 354 

different sized nanoplastics (50 – 500 nm) showed a significant difference (0.2% – 355 

10%) (Kulkarni and Feng, 2013; Walczak et al., 2015a; Walczak et al., 2015b). Due to 356 

their large surface area and complex surface structure, nanoparticles can interact with 357 

various molecules, such as lipid, protein, water, ions etc. For example, the interaction 358 

of proteins and nanoparticles can lead to the generation of coronal protein rings 359 

(Huang et al., 2018; Lundqvist et al., 2008). These protein rings show a significant 360 

effect on the endocytosis of nanoparticles of cells. Coronal protein rings on the 361 

surface of nanoplastics would have similar chemical effects on the endocytosis and 362 

can promote the translocation efficiency of 50 nm nanoplastics during digestion. Also, 363 

the interaction of nanoplastics and iron ions could promote the uptake of irons 364 

(Mahler et al., 2012), the presence of nanoplastics would affect the transporting 365 

function of cell membrane to induce toxic effects at cellular and molecular level.  366 
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5.2 Potential toxic effects on human health 367 

Generally, smaller nanoplastics are easier to enter and accumulate into tissues 368 

and cell organisms, the positively charged nanoplastics showed a significant impact 369 

on cell physiological activities. Xia et al found 60 nm cationic PS nanoplastics had 370 

being significantly toxic to macrophages and epithelial cells (Xia et al., 2008). Forte 371 

et al studied the role of PS nanoplastic particle sizes on its toxicity effects (Forte et al., 372 

2016). The authors suggested that, as compared with 100 nm nanoplastics, 44 nm 373 

nanoplastics could enter gastric cancer cells more quickly and efficiently, and further 374 

affect the cell morphology, the expression of genes and cell proliferation by inducing 375 

up-regulation of some gene expression levels. Bhattacharjee et al showed that 376 

different modification of nanoplastics’ surface had different effects on cell membrane 377 

and cell oxidative stress (Bhattacharjee et al., 2014). Compared with anionic PS 378 

nanoplastics, cationic PS nanoplastics significantly increased the concentration of free 379 

Ca2+ and the content of intracellular reactive oxygen species. Meanwhile, 380 

mitochondrial membrane potential and the content of adenosine triphosphate 381 

decreased. Another research done by Liu et al reported that 50 nm NH2-PS 382 

nanoplastics could obviously destroy cell integrity, as well as the proliferation of 383 

cervical cancer cells and mouse embryonic fibroblasts (Liu et al., 2011). The 384 

reorganization of cytoskeleton and chromosomes during cell mitosis was also directly 385 

affected, including prolongation of division cycle and decrease in expression of 386 

cyclin. 387 

Due to the stable properties and difficulty of degradation, nanoplastics can be 388 
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accumulated in tissues and cells easily, causing metabolic disorders and local 389 

inflammation. Especially in patients with intestinal diseases, changes of tissue 390 

permeability caused by inflammatory infection would significantly increase the 391 

transportation and absorption of nanoplastics, thereby further increasing the exposure 392 

risk. More recently, it is noteworthy that researchers and scientists have begun to be 393 

conscious of the potential impact of nanoplastics on human health. Researches on the 394 

direct and indirect effects of nanoplastics on organisms have been gradually 395 

preformed. However, test subjects of these studies are limited to model cells and 396 

organisms, the shape and composition of nanoplastics investigated are comparatively 397 

single. Consequently, further studies should focus on nanoplastic contamination in 398 

ordinary organisms or in the food chain to accurately and comprehensively assess the 399 

impact of nanoplastics on ecosystem and human health.  400 

6. Perspectives and challenges  401 

As plastic products are widely used and difficult to be degraded, plastic pollution 402 

will continue to affect the health of the ecological environment. The large-scale 403 

growth of plastic production causes the continuous increase in the number of plastic 404 

fragments in the environments, leading to the accumulation of nanoplastics in 405 

different media. Although researches on the effects of nanoplastics on wildlife are 406 

limited, the adverse effects of nanoplastics on organisms will surely damage the 407 

ecosystem, sometimes even affecting human health. In order to obtain more 408 

information on the toxicity consequence of nanoplastics, further studies should focus 409 

on:  410 
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a. Efficient methods for determination, quantification and assessment of 411 

nanoplastics in the environment.  412 

b. Degradation rates from large plastic particles to nanoplastics and mechanisms 413 

of degradation process. 414 

c. Transmission and toxicological effects of nanoplastics on different trophic 415 

layers in marine representative ecosystems.  416 

d. Using environmental concentrations of nanoplastics to test.  417 

a. Determination of nanoplastics in the environment  418 

Detection and quantification techniques of nanoplastics in the environment are 419 

limited. This analytical challenge has bogged the obtainment of data on the 420 

occurrence, fate, assessment and ecotoxicology of nanoplastics. There are few 421 

methods for detection of nanoplastics in the environment. Due to their small particle 422 

size, most existing sampling methods for microplastics have artificially neglected the 423 

detection of nanoplastics, and these methods were not applicable to nanoplastics. 424 

Consequently, establishment of new technologies and approaches for nanoplastic 425 

detection and quantification in the environment are urgent. Separation of organic 426 

materials and nanoplastics in samples is necessary. Based on our knowledge, chemical 427 

solvents, such as strong acids, would affect organic materials and probably also the 428 

nanoplastics. Thus, enzyme separation could be a better option. 429 

b. The process from plastics to nanoplastics and degradation rates 430 

Due to technologies and methods limits, it is difficult to obtain nanoplastics from 431 

the environmental samples. Exploration on the degradation processes and rates of 432 
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large plastic particles being decomposed to nanoplastics is necessary and urgent. 433 

Laboratory experiments of stable isotope labeling to study the process are feasible. 434 

For example, large plastic particles are exposed to natural conditions under 435 

experimental simulation where the temperature, pH, sunlight and other forces can be 436 

easily controlled. Under controlled conditions, the separation of degraded plastics 437 

based on particle sized can be achieved, as well as the determination of the fragments 438 

content at nanoscale. This procedure can probably reflect the existence of plastics 439 

with different particle sizes in the natural environment, and estimate the formation 440 

amount of nanoscale size after degradation, thereby approximately assessing its 441 

ecological effects. Moreover, the degradation processes not only reduce particle size, 442 

but also change the chemical properties on the surface of nanoplastic particles. 443 

However, the characterization techniques of nanoplastics have not been reported yet, 444 

new methods and technologies need to be developed and applied to the 445 

characterization of nanoplastics. 446 

c. Transmission via food chain/web and toxicological effects 447 

More recently, evidences showed that nanoplastics not only have adverse effects 448 

on organisms, but also accumulate in organism bodies. However, most of researches 449 

on the accumulation and toxicity of nanoplastics were only at individual level of 450 

organisms. Studies on the mechanisms of transmission of nanoplastics via the food 451 

chain/web should be strengthened. Before that, two important factors need to be 452 

considered: origin and particle size. Nanoplastics in the environment can originate 453 

from the degradation of large waste plastics and the direct release of commercial 454 
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applications. The properties of nanoplastics from these two sources are quite different. 455 

In order to accurately evaluate the environment effects, nanoplastics used in tests need 456 

to be originated from the accordingly sources. The size of nanoplastics adopted in 457 

experiments should be set according to the size range of nanoplastics in real 458 

environment. Additionally, biological experiments should not be limited to single 459 

organisms or individual level, but along the food chains or webs. For instance, 460 

phytoplankton, zooplankton, protozoa, metazoan, fish or higher trophic levels need to 461 

be exposed to the same nanoplastics containing environments. Survival, development, 462 

reproduction, behavior changes and toxicity need to be characterized. It is important 463 

to describe the effect of exposure time, composition and size of nanoplastics on 464 

organisms. Although laboratory experiments can obtain data on the toxicity of 465 

nanoplastics to organisms by food chain, its extension to real environment conditions 466 

can be very complicated. Therefore, achievable way forward still needs to be explored. 467 

The low trophic level bears different metabolic system with human beings, their 468 

ability of clearance and resistance to nanoplastics is also variated. Data on exposure 469 

experiments of nanoplastics may not be suitable for human. Whether nanoplastics can 470 

enter the human body via the food chain and the trigger of adverse effects on human 471 

also needs further investigation.  472 

d. Using environmental concentrations of nanoplastics to test. 473 

Facts proved that everyone was using huge concentrations of nanoplastics to test 474 

the effects within short periods (Table 1). These concentrations cannot occur in the 475 

environment at all. More tests are needed to examine the impacts of lower dosage or 476 
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environmental dosage and long-term exposure to nanoplastics. Most researches on 477 

toxicity and risk assessments of nanoplastics were often performed using PS materials. 478 

This will lead to misunderstand of the toxicity of nanoplastics to the ecosystems. 479 

Therefore, the establishment of new technologies and approaches for nanoplastic 480 

detection in the environment is needed. The impact on organisms and human health 481 

should be further developed in conjunction with the current status of nanoplastic 482 

pollution in the environment.  483 

 484 

Acknowledgements  485 

The study is financially supported by the Program for the National Natural 486 

Science Foundation of China (51521006) and the Program for Changjiang Scholars 487 

and Innovative Research Team in University (IRT-13R17). The authors have no 488 

conflict of interest to declare regarding this article. 489 

 490 

Declaration of interest 491 

The authors report no conflict of interest.  492 Ac
ce
pt
ed
 M
S



25 
 

Reference  493 

Abidli, S., Antunes, J.C., Ferreira, J.L., Lahbib, Y., Sobral, P., Menif, N.T.E., 2018. Microplastics in 494 

sediments from the littoral zone of the north Tunisian coast (Mediterranean Sea). Estuarine Coastal & 495 

Shelf Science 205. 496 

Andrady, A.L., 2011. Microplastics in the marine environment. Marine Pollution Bulletin 62, 497 

1596-1605. 498 

Arias-Andres, M., Klumper, U., Rojas-Jimenez, K., Grossart, H.P., 2018. Microplastic pollution 499 

increases gene exchange in aquatic ecosystems. Environmental Pollution 237, 253-261. 500 

Barnes, D.K.A., Galgani, F., Thompson, R.C., Barlaz, M., 2009. Accumulation and fragmentation of 501 

plastic debris in global environments. Philos Trans R Soc Lond B Biol Sci 364, 1985-1998. 502 

Bejgarn, S., Macleod, M., Bogdal, C., Breitholtz, M., 2015. Toxicity of leachate from weathering 503 

plastics: An exploratory screening study with Nitocra spinipes. Chemosphere 132, 114-119. 504 

Besseling, E., Wegner, A., Foekema, E.M., Mj, H.G., Koelmans, A.A., 2013. Effects of microplastic on 505 

fitness and PCB bioaccumulation by the lugworm Arenicola marina (L.). Environmental Science & 506 

Technology 47, 593-600. 507 

Bhargava, S., Lee, S.S.C., Ying, L.S.M., Mei, L.N., Teo, L.M., Valiyaveettil, S., 2018. Fate of 508 

Nanoplastics in Marine Larvae: A Case Study Using Barnacles, Amphibalanus amphitrite. Acs 509 

Sustainable Chemistry & Engineering. 510 

Bhattacharjee, S., Ershov, D., Islam, M.A., Kämpfer, A.M., Maslowska, K.A., Gucht, J.V.D., Alink, 511 

G.M., Marcelis, A.T.M., Han, Z., Rietjens, I.M.C.M., 2014. Role of membrane disturbance and 512 

oxidative stress in the mode of action underlying the toxicity of differently charged polystyrene 513 

nanoparticles. Rsc Advances 4, 19321-19330. 514 

Bouwmeester, H., Hollman, P.C., Peters, R.J., 2015. Potential Health Impact of Environmentally 515 

Released Micro- and Nanoplastics in the Human Food Production Chain: Experiences from 516 

Nanotoxicology. Environmental Science & Technology 49, 8932. 517 

Brandts, I., Teles, M., Gonçalves, A.P., Barreto, A., Franco-Martinez, L., Tvarijonaviciute, A., Martins, 518 

M.A., Soares, A.M.V.M., Tort, L., Oliveira, M., 2018. Effects of nanoplastics on Mytilus 519 

galloprovincialis after individual and combined exposure with carbamazepine. Science of the Total 520 

Environment 643, 775-784. 521 

Browne, M.A., Crump, P., J, N.S., Teuten, E., Tonkin, A., Galloway, T., Thompson, R., 2011. 522 

Accumulation of microplastic on shorelines woldwide: sources and sinks. Environmental Science & 523 

Technology 45, 9175-9179. 524 

Browne, M.A., Niven, S.J., Galloway, T.S., Rowland, S.J., Thompson, R.C., 2013. Microplastic Moves 525 

Pollutants and Additives to Worms, Reducing Functions Linked to Health and Biodiversity. Current 526 

Biology 23, 2388-2392. 527 

Cózar, A., Martí, E., Duarte, C., Garcíadelomas, J., Sebille, E.V., Ballatore, J., Eguíluz, V., 528 

Gonzálezgordillo, J.I., Pedrotti, M., Echevarría, F., 2017. The Arctic Ocean as a dead end for floating 529 

plastics in the North Atlantic branch of the Thermohaline Circulation. Science Advances 3, e1600582. 530 

Canesi, L., Ciacci, C., Fabbri, R., Balbi, T., Salis, A., Damonte, G., Cortese, K., Caratto, V., Monopoli, 531 

M.P., Dawson, K., 2016. Interactions of cationic polystyrene nanoparticles with marine bivalve 532 

hemocytes in a physiological environment: Role of soluble hemolymph proteins. Environmental 533 

Research 150, 73-81. 534 

Carr, S.A., Liu, J., Tesoro, A.G., 2016. Transport and fate of microplastic particles in wastewater 535 

treatment plants. Water Research 91, 174-182. 536 

Ac
ce
pt
ed
 M
S



26 
 

Cedervall, T., Hansson, L.A., Lard, M., Frohm, B., Linse, S., 2012. Food Chain Transport of 537 

Nanoparticles Affects Behaviour and Fat Metabolism in Fish. Plos One 7, e32254. 538 

Chen, Q., Yin, D., Jia, Y., Schiwy, S., Legradi, J., Yang, S., Hollert, H., 2017. Enhanced uptake of BPA 539 

in the presence of nanoplastics can lead to neurotoxic effects in adult zebrafish. Science of the Total 540 

Environment 609, 1312-1321. 541 

Chua, E.M., Shimeta, J., Nugegoda, D., Morrison, P.D., Clarke, B.O., 2014. Assimilation of 542 

polybrominated diphenyl ethers from microplastics by the marine amphipod, Allorchestes compressa. 543 

Environmental Science & Technology 48, 8127-8134. 544 

Della, T.C., Bergami, E., Salvati, A., Faleri, C., Cirino, P., Dawson, K.A., Corsi, I., 2014. Accumulation 545 

and embryotoxicity of polystyrene nanoparticles at early stage of development of sea urchin embryos 546 

Paracentrotus lividus. Environmental Science & Technology 48, 12302-12311. 547 

Dong, S., Qu, M., Rui, Q., Wang, D., 2018. Combinational effect of titanium dioxide nanoparticles and 548 

nanopolystyrene particles at environmentally relevant concentrations on nematode Caenorhabditis 549 

elegans. Ecotoxicology & Environmental Safety 161, 444-450. 550 

Duis, K., Coors, A., 2016. Microplastics in the aquatic and terrestrial environment: sources (with a 551 

specific focus on personal care products), fate and effects. Environmental Sciences Europe 28, 2. 552 

Forte, M., Iachetta, G., Tussellino, M., Carotenuto, R., Prisco, M., Falco, M.D., Laforgia, V., Valiante, 553 

S., 2016. Polystyrene nanoparticles internalization in human gastric adenocarcinoma cells. Toxicology 554 

in Vitro 31, 126-136. 555 

Fossi, M.C., Marsili, L., Baini, M., Giannetti, M., Coppola, D., Guerranti, C., Caliani, I., Minutoli, R., 556 

Lauriano, G., Finoia, M.G., 2016. Fin whales and microplastics: The Mediterranean Sea and the Sea of 557 

Cortez scenarios. Environmental Pollution 209, 68-78. 558 

Fries, E., Dekiff, J.H., Willmeyer, J., Nuelle, M.T., Ebert, M., Remy, D., 2013. Identification of 559 

polymer types and additives in marine microplastic particles using pyrolysis-GC/MS and scanning 560 

electron microscopy. Environ Sci Process Impacts 15, 1949-1956. 561 

Gaylor, M.O., Harvey, E., Hale, R.C., 2013. Polybrominated diphenyl ether (PBDE) accumulation by 562 

earthworms (Eisenia fetida) exposed to biosolids-, polyurethane foam microparticle-, and 563 

Penta-BDE-amended soils. Environmental Science & Technology 47, 13831-13839. 564 

Gong, J.L., Wang, B., Zeng, G.M., Yang, C.P., Niu, C.G., Niu, Q.Y., Zhou, W.J., Yi, L., 2009. Removal 565 

of cationic dyes from aqueous solution using magnetic multi-wall carbon nanotube nanocomposite as 566 

adsorbent. Journal of Hazardous Materials 164, 1517-1522. 567 

Gouin, T., Roche, N., Lohmann, R., Hodges, G., 2011. A thermodynamic approach for assessing the 568 

environmental exposure of chemicals absorbed to microplastic. Environmental Science & Technology 569 

45, 1466-1472. 570 

Guo, X., Wang, X., Zhou, X., Kong, X., Shu, T., Xing, B., 2012. Sorption of Four Hydrophobic 571 

Organic Compounds by Three Chemically Distinct Polymers: Role of Chemical and Physical 572 

Composition. Environmental Science & Technology 46, 7252-7259. 573 

He, K., Chen, G., Zeng, G., Chen, A., Huang, Z., Shi, J., Huang, T., Peng, M., Hu, L., 2018a. 574 

Three-dimensional graphene supported catalysts for organic dyes degradation. Applied Catalysis B 575 

Environmental 228, 19-28. 576 

He, K., Zeng, Z., Chen, A., Zeng, G., Xiao, R., Xu, P., Huang, Z., Shi, J., Hu, L., Chen, G., 2018b. 577 

Advancement of Ag-Graphene Based Nanocomposites: An Overview of Synthesis and Its Applications. 578 

Small, 1800871. 579 

Hillery, A.M., Jani, P.U., Florence, A.T., 2008. Comparative, quantitative study of lymphoid and 580 

Ac
ce
pt
ed
 M
S



27 
 

non-lymphoid uptake of 60 nm polystyrene particles. Journal of Drug Targeting 2, 151-156. 581 

Hirai, H., Takada, H., Ogata, Y., Yamashita, R., Mizukawa, K., Saha, M., Kwan, C., Moore, C., Gray, 582 

H., Laursen, D., 2011. Organic micropollutants in marine plastics debris from the open ocean and 583 

remote and urban beaches. Marine Pollution Bulletin 62, 1683-1692. 584 

Hodson, M.E., Duffus-Hodson, C.A., Clark, A., Prendergast-Miller, M.T., Thorpe, K.L., 2017. Plastic 585 

Bag Derived-Microplastics as a Vector for Metal Exposure in Terrestrial Invertebrates. Environmental 586 

Science & Technology 51, 4714-4721. 587 

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E., Svendsen, C., 2017. Microplastics in freshwater 588 

and terrestrial environments: Evaluating the current understanding to identify the knowledge gaps and 589 

future research priorities. Science of the Total Environment 586, 127-141. 590 

Hu, D., Shen, M., Zhang, Y., Zeng, G., 2019. Micro(nano)plastics: An un-ignorable carbon source? 591 

Science of the Total Environment 657, 108-110. 592 

Huang, Z., He, K., Song, Z., Zeng, G., Chen, A., Yuan, L., Li, H., Hu, L., Guo, Z., Chen, G., 2018. 593 

Antioxidative response of Phanerochaete chrysosporium against silver nanoparticle-induced toxicity 594 

and its potential mechanism. Chemosphere 211, 573-583. 595 

Iguchi, T., Watanabe, H., Katsu, Y., 2006. Application of Ecotoxicogenomics for Studying Endocrine 596 

Disruption in Vertebrates and Invertebrates. Environmental Health Perspectives 114 Suppl 1, 101. 597 

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., Narayan, R., Law, K.L., 598 

2015. Plastic waste inputs from land into the ocean. Science 347, 768-771. 599 

Jani, P., Halbert, G.W., Langridge, J., Florence, A.T., 2011. Nanoparticle uptake by the rat 600 

gastrointestinal mucosa: quantitation and particle size dependency. Journal of Pharmacy & 601 

Pharmacology 42, 821-826. 602 

Kashiwada, S., 2006. Distribution of Nanoparticles in the See-through Medaka (Oryzias latipes). 603 

Environmental Health Perspectives 114, 1697-1702. 604 

Keswani, A., Oliver, D.M., Gutierrez, T., Quilliam, R.S., 2016. Microbial hitchhikers on marine plastic 605 

debris: Human exposure risks at bathing waters and beach environments. Marine Environmental 606 

Research 118, 10-19. 607 

Koelmans, A.A., Bakir, A., Burton, G.A., Janssen, C.R., 2016. Microplastic as a Vector for Chemicals 608 

in the Aquatic Environment. Critical Review and Model-Supported Re-interpretation of Empirical 609 

Studies. Environmental Science & Technology 50, 3315. 610 

Koelmans, A.A., Besseling, E., Wegner, A., Foekema, E.M., 2013. Plastic as a Carrier of POPs to 611 

Aquatic Organisms: A Model Analysis. Environmental Science & Technology 47, 7812-7820. 612 

Kulkarni, S.A., Feng, S.S., 2013. Effects of particle size and surface modification on cellular uptake 613 

and biodistribution of polymeric nanoparticles for drug delivery. Pharmaceutical Research 30, 2512. 614 

Lagana, P., Caruso, G., Corsi, I., Bergami, E., Venuti, V., Majolino, D., La Ferla, R., Azzaro, M., 615 

Cappello, S., 2019. Do plastics serve as a possible vector for the spread of antibiotic resistance? First 616 

insights from bacteria associated to a polystyrene piece from King George Island (Antarctica). 617 

International Journal of Hygiene and Environmental Health 222, 89-100. 618 

Lei, K., Qiao, F., Liu, Q., Wei, Z., Qi, H., Cui, S., Yue, X., Deng, Y., An, L., 2017. Microplastics 619 

releasing from personal care and cosmetic products in China. Marine Pollution Bulletin 123, 122. 620 

Liu, Y., Li, W., Lao, F., Liu, Y., Wang, L., Bai, R., Zhao, Y., Chen, C., 2011. Intracellular dynamics of 621 

cationic and anionic polystyrene nanoparticles without direct interaction with mitotic spindle and 622 

chromosomes. Biomaterials 32, 8291-8303. 623 

Lu, Y., Zhang, Y., Deng, Y., Jiang, W., Zhao, Y., Geng, J., Ding, L., Ren, H.Q., 2016. Uptake and 624 

Ac
ce
pt
ed
 M
S



28 
 

accumulation of polystyrene microplastics in zebrafish (Danio rerio) and toxic effects in liver. 625 

Environmental Science & Technology 50, 12523-12524. 626 

Lundqvist, M., Stigler, J., Elia, G., Lynch, I., Cedervall, T., Dawson, K.A., 2008. Nanoparticle size and 627 

surface properties determine the protein corona with possible implications for biological impacts. 628 

Proceedings of the National Academy of Sciences of the United States of America 105, 14265-14270. 629 

Magri, D., Sanchez-Moreno, P., Caputo, G., Gatto, F., Veronesi, M., Bardi, G., Catelani, T., Guarnieri, 630 

D., Athanassiou, A., Pompa, P.P., Fragouli, D., 2018. Laser Ablation as a Versatile Tool To Mimic 631 

Polyethylene Terephthalate Nanoplastic Pollutants: Characterization and Toxicology Assessment. Acs 632 

Nano 12, 7690-7700. 633 

Mahler, G.J., Esch, M.B., Tako, E., Southard, T.L., Archer, S.D., Glahn, R.P., Shuler, M.L., 2012. Oral 634 

exposure to polystyrene nanoparticles affects iron absorption. Nature Nanotechnology 7, 264-U1500. 635 

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., Kaminuma, T., 2001. Plastic resin pellets as a 636 

transport medium for toxic chemicals in the marine environment. Environmental Science & 637 

Technology 35, 318-324. 638 

Mattsson, K., Hansson, L.A., Cedervall, T., 2015. Nano-plastics in the aquatic environment. 639 

Environmental Science Processes & Impacts 17, 1712-1721. 640 

Mendoza, L.M.R., Karapanagioti, H., Álvarez, N.R., 2018. Micro(nanoplastics) in the marine 641 

environment: Current knowledge and gaps. Current Opinion in Environmental Science & Health 1, 642 

47-51. 643 

Mishra, P., Vinayagam, S., Duraisamy, K., Patil, S.R., Godbole, J., Mohan, A., Mukherjee, A., 644 

Chandrasekaran, N., 2018. Distinctive impact of polystyrene nano-spherules as an emergent pollutant 645 

toward the environment. Environmental Science and Pollution Research. 646 

Munari, C., Infantini, V., Scoponi, M., Rastelli, E., Corinaldesi, C., Mistri, M., 2017. Microplastics in 647 

the sediments of Terra Nova Bay (Ross Sea, Antarctica). Marine Pollution Bulletin 122, 161. 648 

Murphy, F., Ewins, C., Carbonnier, F., Quinn, B., 2016. Wastewater Treatment Works (WwTW) as a 649 

Source of Microplastics in the Aquatic Environment. Environmental Science & Technology 50, 650 

5800-5808. 651 

Nathalie, L., Christophe, B., Christian, B., Michèle, Q., Fran?Oise, S., José-Edmundo, N.S., 2008. 652 

Polymer biodegradation: mechanisms and estimation techniques. Chemosphere 73, 429-442. 653 

Parthasarathy, A., Tyler, A.C., Hoffman, M.J., Savka, M.A., Hudson, A.O., 2019. Is Plastic Pollution in 654 

Aquatic and Terrestrial Environments a Driver for the Transmission of Pathogens and the Evolution of 655 

Antibiotic Resistance? Environmental Science & Technology 53, 1744-1745. 656 

Peeken, I., Primpke, S., Beyer, B., Gütermann, J., Katlein, C., Krumpen, T., Bergmann, M., Hehemann, 657 

L., Gerdts, G., 2018. Arctic sea ice is an important temporal sink and means of transport for 658 

microplastic. Nature Communications 9. 659 

Pittura, L., Avio, C.G., Giuliani, M.E., d’Errico, G., Keiter, S.H., Cormier, B., Gorbi, S., Regoli, F., 660 

2018. Microplastics as Vehicles of Environmental PAHs to Marine Organisms: Combined Chemical 661 

and Physical Hazards to the Mediterranean Mussels, Mytilus galloprovincialis. Frontiers in Marine 662 

Science 5. 663 

PlasticsEurope, 2016. Plastics - the Facts 2016. . 664 

Qin, L., Zeng, G., Lai, C., Huang, D., Xu, P., Zhang, C., Cheng, M., Liu, X., Liu, S., Li, B., 2018. 665 

“Gold rush” in modern science: Fabrication strategies and typical advanced applications of gold 666 

nanoparticles in sensing. Coordination Chemistry Reviews 359, 1-31. 667 

Ren, X., Zeng, G., Tang, L., Wang, J., Wan, J., Feng, H., Song, B., Huang, C., Tang, X., 2018a. Effect 668 

Ac
ce
pt
ed
 M
S



29 
 

of exogenous carbonaceous materials on the bioavailability of organic pollutants and their ecological 669 

risks. Soil Biology & Biochemistry 116, 70-81. 670 

Ren, X., Zeng, G., Tang, L., Wang, J., Wan, J., Liu, Y., Yu, J., Yi, H., Ye, S., Deng, R., 2018b. Sorption, 671 

transport and biodegradation - An insight into bioavailability of persistent organic pollutants in soil. 672 

Science of the Total Environment 610-611, 1154-1163. 673 

Rodrigues, M.O., Abrantes, N., Fjm, G., Nogueira, H., Marques, J.C., Amm, G., 2018. Spatial and 674 

temporal distribution of microplastics in water and sediments of a freshwater system (Antuã River, 675 

Portugal). Science of the Total Environment 633, 1549-1559. 676 

Schmidt, V.T., Reveillaud, J., Zettler, E., Mincer, T.J., Murphy, L., Amaral-Zettler, L.A., 2014. 677 

Oligotyping reveals community level habitat selection within the genus Vibrio. Frontiers in 678 

Microbiology 5. 679 

Shen, M., Zhu, Y., Zhang, Y., Zeng, G., Wen, X., Yi, H., Ye, S., Ren, X., Song, B., 2019. 680 

Micro(nano)plastics: Unignorable vectors for organisms. Marine Pollution Bulletin 139, 328-331. 681 

Sudhakar, M., Trishul, A., Doble, M., Kumar, K.S., Jahan, S.S., Inbakandan, D., Viduthalai, R.R., 682 

Umadevi, V.R., Murthy, P.S., Venkatesan, R., 2007. Biofouling and biodegradation of polyolefins in 683 

ocean waters. Polymer Degradation and Stability 92, 1743-1752. 684 

Tang, X., Zeng, G., Fan, C., Zhou, M., Tang, L., Zhu, J., Wan, J., Huang, D., Chen, M., Xu, P., 2018. 685 

Chromosomal expression of CadR on Pseudomonas aeruginosa for the removal of Cd(II) from aqueous 686 

solutions. Science of the Total Environment 636, 1355. 687 

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., McGonigle, D., Russell, A.E., 688 

2004. Lost at Sea: Where Is All the Plastic? Science 304, 838-838. 689 

Trishul, A., Mukesh, D., 2010. Biodegradation of aliphatic and aromatic polycarbonates. 690 

Macromolecular Bioscience 8, 14-24. 691 

Vance, M.E., Kuiken, T., Vejerano, E.P., Mcginnis, S.P., Jr, H.M., Rejeski, D., Hull, M.S., 2015. 692 

Nanotechnology in the real world: Redeveloping the nanomaterial consumer products inventory. 693 

Beilstein Journal of Nanotechnology 6, 1769-1780. 694 

Velzeboer, I., ., Kwadijk, C.J.A.F., Koelmans, A.A., 2014. Strong sorption of PCBs to nanoplastics, 695 

microplastics, carbon nanotubes, and fullerenes. Environmental Science & Technology 48, 4869-4876. 696 

Walczak, A.P., Kramer, E., Hendriksen, P.J., Helsdingen, R., Van, d.Z.M., Rietjens, I.M., Bouwmeester, 697 

H., 2015a. In vitro gastrointestinal digestion increases the translocation of polystyrene nanoparticles in 698 

an in vitro intestinal co-culture model. Nanotoxicology 9, 886-894. 699 

Walczak, A.P., Kramer, E., Hendriksen, P.J.M., Tromp, P., Helsper, J.P.F.G., Zande, M.V.D., Rietjens, 700 

I.M.C.M., Bouwmeester, H., 2015b. Translocation of differently sized and charged polystyrene 701 

nanoparticles in in vitro intestinal cell models of increasing complexity. Nanotoxicology 9, 453-461. 702 

Ward, J.E., Kach, D.J., 2009. Marine aggregates facilitate ingestion of nanoparticles by 703 

suspension-feeding bivalves. Marine Environmental Research 68, 137-142. 704 

Watters, D.L., Yoklavich, M.M., Love, M.S., Schroeder, D.M., 2010. Assessing marine debris in deep 705 

seafloor habitats off California. Marine Pollution Bulletin 60, 131-138. 706 

Wen, X., Du, C., Xu, P., Zeng, G., Huang, D., Yin, L., Yin, Q., Hu, L., Wan, J., Zhang, J., Tan, S., Deng, 707 

R., 2018. Microplastic pollution in surface sediments of urban water areas in Changsha, China: 708 

Abundance, composition, surface textures. Marine Pollution Bulletin 136, 414-423. 709 

Xia, T., Kovochich, M., Liong, M., Zink, J.I., Nel, A.E., 2008. Cationic Polystyrene Nanosphere 710 

Toxicity Depends on Cell-Specific Endocytic and Mitochondrial Injury Pathways. Acs Nano 2, 85. 711 

Xiong, W., Zeng, Z., Li, X., Zeng, G., Xiao, R., Yang, Z., Zhou, Y., Zhang, C., Cheng, M., Hu, L., Zhou, 712 

Ac
ce
pt
ed
 M
S



30 
 

C., Qin, L., Xu, R., Zhang, Y., 2018a. Multiulti-walled carbon nanotube/aminomino-functionalized -53 713 

(Fe)composites: remarkabl adsorptive removal of antibiotics from aqueous solutions. Chemosphere 210, 714 

1061-1069. 715 

Xiong, X., Zhang, K., Chen, X., Shi, H., Luo, Z., Wu, C., 2018b. Sources and distribution of 716 

microplastics in China's largest inland lake - Qinghai Lake. Environmental Pollution 235, 899. 717 

Xu, P., Zeng, G.M., Huang, D.L., Feng, C.L., Hu, S., Zhao, M.H., Lai, C., Wei, Z., Huang, C., Xie, 718 

G.X., 2012. Use of iron oxide nanomaterials in wastewater treatment: A review. Science of the Total 719 

Environment 424, 1-10. 720 

Yang, D., Shi, H., Li, L., Li, J., Jabeen, K., Kolandhasamy, P., 2015. Microplastic pollution in table 721 

salts from China. Environmental Science & Technology 49, 13622. 722 

Yang, Y., Zhang, C., Lai, C., Zeng, G.M., Huang, D.L., Cheng, M., Wang, J.J., Chen, F., Zhou, C.Y., 723 

Xiong, W.P., 2018. BiOX (X = Cl, Br, I) photocatalytic nanomaterials: Applications for fuels and 724 

environmental management. Advances in Colloid & Interface Science 254. 725 

Ye, S., Zeng, G., Wu, H., Chang, Z., Dai, J., Jie, L., Yu, J., Ren, X., Yi, H., Min, C., 2017a. Biological 726 

technologies for the remediation of co-contaminated soil. Critical Reviews in Biotechnology 37, 1-15. 727 

Ye, S., Zeng, G., Wu, H., Zhang, C., Liang, J., Dai, J., Liu, Z., Xiong, W., Wan, J., Xu, P., 2017b. 728 

Co-occurrence and interactions of pollutants, and their impacts on soil remediation—A review. Critical 729 

Reviews in Environmental Science & Technology 47, 00-00. 730 

Yi, H., Huang, D., Qin, L., Zeng, G., Lai, C., Cheng, M., Ye, S., Song, B., Ren, X., Guo, X., 2018. 731 

Selective Prepared Carbon Nanomaterials for Advanced Photocatalytic Application in Environmental 732 

Pollutant Treatment and Hydrogen Production. Applied Catalysis B: Environmental 239, 408-424. 733 

Zhang, G.S., Liu, Y.F., 2018. The distribution of microplastics in soil aggregate fractions in 734 

southwestern China. Science of the Total Environment 642, 12-20. 735 

 736 

 737 

Ac
ce
pt
ed
 M
S




