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Abstract    Over  the  past  decades,  the  plastic  production
has  been  dramatically  increased.  Indeed,  a  category  of
small plastic particles mainly with the shapes of fragments,
fibers,  or  spheres,  called  microplastics  (particles  smaller
than 5 mm) and nanoplastics (particles smaller than 1 μm)
have  attracted  particular  attention.  Because  of  its  wide
distribution  in  the  environment  and  potential  adverse
effects  to  animal  and  human,  microplastic  pollution  has
been reported as a serious environment problem receiving
increased  attention  in  recent  years.  As  one  of  the
commonly detected emerging contaminants in the environ-
ment,  recent  evidence  indicates  that  the  concentration  of
microplastics show an increasing trend, for the reason that
up  to  12.7  million  metric  tons  of  plastic  litter  is  released
into  aquatic  environment  from  land-based  sources  each
year.  Furthermore,  microplastic  exposure  levels  of  model
organisms  in  laboratory  studies  are  usually  several  orders
of magnitude higher than those found in environment, and
the  microplastics  exposure  conditions  are  also  different
with those observed in  the environment.  Additionally,  the
detection  of  microplastics  in  feces  indicates  that  they  can
be excreted out of the bodies of animal and human. Hence,
great  uncertainties  might  exist  in  microplastics  exposure
and health risk assessment based on current studies, which
might  be  exaggerated.  Policies  reduce  microplastic
emission sources and hence minimize their  environmental
risks  are  determined.  To  promote  the  above  policies,  we
must  first  overcome  the  technical  obstacles  of  detecting
microplastics in various samples.
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Over  the  past  decades,  the  plastic  production  has  been
dramatically  increased,  reaching  more  than  400  million
metric tons in 2020 (SAPEA, 2019). With the widespread
plastic  application,  polyethylene  (PE),  polypropylene
(PP),  polyvinyl  chloride  (PVC),  polyurethane  (PUR),
polyethylene terephthalate (PET), polycarbonate (PC) and
polystyrene  (PS)  constitute  more  than  four  fifths  of  its
total  production.  Indeed,  a  category  of  small  plastic
particles  mainly  with  the  shapes  of  fragments,  fibers,  or
spheres,  called  microplastics  (particles  smaller  than  5
mm) and nanoplastics (particles smaller than 1 μm) have
attracted  particular  attention  (Wright and Kelly, 2017).
Because  of  its  wide  distribution  in  the  environment  and
potential  adverse  effects  to  animal  and  human,  micro-
plastic  pollution  has  been  reported  as  a  serious  environ-
ment  problem  receiving  increased  attention  in  recent
years  (Fig. 1).  As  one  of  the  commonly  detected  emer-
ging  contaminants  in  the  environment,  recent  evidence
indicates that the concentration of microplastics show an
increasing  trend,  for  the  reason  that  up  to  12.7  million
metric tons of plastic litter is released into aquatic environ-
ment from land-based sources each year (Besseling et al.,
2019). Usually, homoaggregation of microplastics occurs
when  microplastics  clump  together  without  the  presence
of  other  solid  constituents.  Homoaggregation  of  micro-
plastics  is  thought  to  be  one  of  the  most  important
environmental  behaviors,  particularly in aquatic environ-
ments. These behaviors are which determine the mobility,
distribution  and  bioavailability  of  microplastics,  leading
to  its  wide  distribution  and  potential  risk  (Wang et al.,
2020; Wang et al., 2021).  Additionally,  one  of  the  main
routes  for  microplastics  to  reach  isolated  and  remote
regions  is  through  atmospheric  transfer,  including  tire
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wear  particles  (TWPs)  and  brake  wear  particles  (BWPs)
in road traffic emissions (Evangeliou et al., 2020). Quite a
lot  of  studies  have  been  focused  on  the  microplastic
pollution  quantification  in  various  environmental
matrices.  Because  of  their  small  size,  microplastics  can
easily enter food web and end up in human food.
With  regard  to  the  hazardous  effects  of  microplastics,

an important point is that they can enter the body through
inhalation  and  ingestion,  potentially  causing  adverse
health effect. Evidence of inhaled microplastics has been
observed in animals and plants. Yuan et al. (2019) reported
that PS-nanoplastics can be adsorbed and accumulated on
the spore  surface of C. pteridoides and posed a  negative
effect  on  spore  inhibition.  Our  previous  studies  also
identified  microplastics  could  affect  the  aquatic
organisms,  which  increased  the  pollutant  enrichment  via
the  food chain,  caused  insufficient  intake  of  energy,  and
thus increased the mortality and disrupted the ecosystem
balance (Qu et al., 2018; Qu et al., 2019; Qu et al., 2020).
Human  can  be  affected  by  microplastics  through  many
pathways,  including  food  and  drinking  ingestion.  For
example,  up  to  107  particles  of  microplastics  were
detected  in  1  L  of  water,  and  other  marine  products
source  such  as  shrimp,  fish,  oyster,  and  salt  also
contained  numerous  microplastics  (Yang et al., 2015;
Akhbarizadeh et al., 2018;  Cox et al., 2019).  Many  types
of microplastics were detected in human feces, suggesting
a  human  ingestion  evidence.  Meanwhile,  the  adverse

effect  of  microplastics  on  humans  has  been  forecasted,
the  smaller  the  particulate  matter  is,  the  deeper  it  can
enter  into  body,  including  intestinal,  pulmonary  alveoli
and  even  brain  (Maher et al., 2016;  Phuong et al., 2016).
Microplastics  had  a  similar  effect  on  the  animals  as
particular air pollutants, which can cross cell membranes
and  trigger  oxidative  stress,  inflammation  and  cytotoxic
(Wright and Kelly, 2017).  Whether  dose-dependent
relationship  between  microplastics  and  human  being  are
existing? Limited literature  in  human cells  (in  vitro)  and
mouse  (in  vivo)  experiments  suggest  the  microplastics
may  cause  some  biological  effects,  such  as  cytotoxicity,
oxidative  stress,  inflammatory  and  DNA  damage  (Yong
et al., 2020).  Wright  and  Kelly  also  reported  that  when
workers  were  exposed  at  high  concentration  of
microplastics,  they  can  lead  to  lung  injuries  which
conclude  inflammation,  fibrosis  and  allergy  (Wright and
Kelly, 2017). Compared with microplastics, depending on
the  type  of  cell,  the  smaller  nanoplastics  could  be
ingested  with  some  ease  via  endocytosis  (Zhang et al.,
2015).  If  this  occurs,  the  nanoplastics  may  permeabilize
endosomal  membranes,  interact  with  and  alter  vital
organelles  like  the  nucleus  and  mitochondria,  as  well  as
cellular  processes  including  the  creation  of  the  mitotic
spindle  and chromosomal  migration during cell  division,
which  lead  to  cellular  disruption  of  transporters
throughout  the  exocytic  pathway.  Additionally,
endosomal  membrane  traffic  that  is  necessary  for  a

 

 
Fig. 1    Potential environmental exposure pathways and effects of microplastics.
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number  of  crucial  cellular  activities,  such  as  surface
protein  turnover,  signal  attenuation,  and  retrograde
signaling  from  endosomal  compartments,  may  be
disturbed by the nanoplasitcs (Treyer et al., 2016).
It is not sufficient to just take into consideration the size

of the particles and their quantity. Microplastics fate and
toxicological effects would be affected by their polymeric
composition,  particle  shape,  surface  area,  density,
persistence, sorbed contaminants, and the additive content
(Hale, 2018).  At  least,  we  can  not  ignore  the  combined
effects of coexistent microplastics and harmful pollutants
in  the  environment.  Actually,  many  types  of  chemicals
(e.g.,  persistent  organic  pollutants  (POPs),  pharmaceu-
ticals  and  personal  care  products  (PPCPs),  endocrine
disrupting chemicals (EDCs), heavy metal and so on) are
widely  distributed  in  natural  environment  (Khan et al.,
2022). Microplastics usually act as vectors to transfer and
enrich the hazardous chemicals and their metabolites into
the  plants  and  animals  in  environment  (Qu et al., 2018;
Qu et al., 2020).  A knowledge gap outlined above is  that
scarce information is available on co-effect of microplas-
tics,  chemical  additives  and  adsorbed  contaminants  to
organisms.  Microplastics will  weather once entering into
the aquatic and terrestrial environment. The sorption and
aggregation  that  occur  between  weathered  microplastics
and  their  co-existing  constituents  are  affected  by  the
increase  in  oxygen-containing  functional  groups  and  the
specific  surface  area  of  microplastics  that  results  from
these  processes.  Other  behavior  like  aging  and  aggrega-
tion may have an impact on the fate, transformation, and
toxicity  of  microplastics  in  environment  (Yuan et al.,
2020;  Duan et al., 2021).  More  adverse  effect  may  be
caused  when  microplastics  and  other  chemicals  cross
biological  membranes  together  (Huang et al., 2022).
Large  surface  area  of  microplastics  can  increase  the
concentration  of  chemicals  from outside  to  inside  of  the
membrane.  More  serious  liver  injury  and  more
contaminants accumulated in the liver were observed with
the co-exposure of  microplastics  and venlafaxine against
Misgurnus anguillicaudatus (Qu et al., 2019). Meanwhile,
co-exposure  with  microplastics  and  methamphetamine
will  change  the  enantioselectivity,  bioconcentration
factors  (BCFs),  biomagnification  factors  (BMFs)  and
distribution  of  methamphetamine  in  the  aquatic  food
chain  and  increase  the  chemical  burden  on  aquatic
organisms  (Qu et al., 2020).  For  humans,  microplastics
may  even  “load”  bacterial  pathogens  or  antibiotic
resistance gene, and then interact with gut microbiota (Lu
et al., 2019).  This  “Trojan  horse”  effect  of  microplastics
combining with other potential pathogens to human body
deserves  attention  in  further  study.  Although  the  above
studies  show  various  potential  harms  of  microplastics,
some  scientists  believe  that  microplastics  are  inert  and
there is not enough approved evidence of their own harm.
Fortunately,  there  is  an  increasing  number  of
microplastics  studies  against  potential  toxic  effect  in

aquatic  organisms,  but  adverse  health  effect  on  human
being  are  still  unconspicuous.  According  to  the  study  of
Zhang  et  al.,  the  daily  intake  of  microplastics  (PC  and
PET)  of  human  adult  (0.2–5.8  μg/kg·bw/d)  was  several
orders  of  magnitude  lower  than  in  pet  (4.3  ×  107–6.5  ×
107  μg/kg·bw/d)  (Zhang et al., 2021).  Also,  the  daily
microplastics  intake  is  less  than  0.004%  of  the  other
particles  intake  for  general  population  (Mohamed Nor
et al., 2021). Futhermore, microplastic exposure levels of
model  organisms  in  laboratory  studies  (4.2  ×  107–1.1  ×
1012 particles/m3) are usually several orders of magnitude
higher  than  those  found  in  environment  (0.004–9200
particles/m3),  and  the  microplastics  exposure  conditions
are also different with those observed in the environment
(Phuong et al., 2016;  Rist et al., 2018).  Additionally,
detection of microplastics in feces indicates that they can
be  excreted  out  of  the  bodies  of  animal  and  human.
Hence,  great  uncertainties  might  exist  in  microplastics
exposure  and  health  risk  assessment  based  on  current
studies, which might be exaggerated (Fig. 2).
Although microplastic has become a hot research issue

in  the  academic  circle,  their  ecological  and  health  risks
are  still  not  well  understood.  However,  this  does  not
hinder  our  ongoing  efforts  to  eliminate  their  potential
environmental  risks.  In  January  2018,  the  “EU  Plastics
Strategy”  proposed  to  increase  the  current  plastic
recovery  rate  from  30 %  to  55 %  by  2030.  In  January
2019,  ECHA  (European  Chemicals  Agency)  proposed
limiting  the  intentional  use  of  microplastics  in  products
put on the EU/EEA market in order to avoid or reduce the
environmental  pollution.  In  January  2020,  the  National
Development  and  Reform Commission  and  the  Ministry
of  Ecology  and  Environment  of  China  jointly  issued  the
“Opinions on Further Strengthening the Control of Plastic
Pollution”, commonly known as the “Plastic Ban Order”,
which  requires  that  the  management  system  for  the
production,  circulation,  consumption,  recycling  and
disposal of plastic products should be improved in 2025,
and  the  use  of  non-degradable  plastics  should  be
gradually  banned  and  restricted.  The  successful
implementation  of  these  policies  will  surely  reduce
microplastic  emission  sources  and  hence  minimize  their
environmental  risks.  However,  a  most  important  issue in
understanding and addressing the environmental pollution
risk  of  microplastics  is  the  lack  of  sound  analytical
methods.  The  most  common  methods  for  detecting
microplastics samples in the environment are transformed
infrared  spectroscopy  (FTIR)  and  raman  spectroscopy.
Gas  chromatography-mass  spectrometer  (GC-MS)  and
other hyphenated techniques, such as sequential pyrolysis
(Pyr-GC/MS) and thermal desorption pyrolysis (TD-Pyr-
GC/MS),  together  with  other  techniques,  can  be  used  to
identify  organic  fragments  and  structural  data  of
polymers,  as  well  as  chemical  additives.  Other  mass
spectrometry methods, such as ion mobility spectrometry
(IMS),  matrix-assisted  laser  desorption/ionization  time-
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of-flight  mass  spectrometry  (MALDI-TOF-MS),  and
thermal  desorption  proton  transfer  reaction  mass
spectrometry  (TD-PTR-MS),  have  been  reported  for  the
investigation  of  nanoplastics.  However,  currently,
microplastic  characterization  and  quantification
capabilities  of  all  aforementioned  methodologies  are
constrained  (Liu et al., 2022;  Zhang et al., 2022).  To
promote  the  above  policies,  we  must  first  overcome  the
technical  obstacles  of  detecting  microplastics  in  various
samples.  The  standardization  and  quality  control  of
microplastic  detection  method  should  be  urgently
developed.
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