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ABSTRACT

Petrogenic plastics might fragment within the ecosystems into progressively smaller fragments classified by size
as “macroplastics”, “mesoplastics”, “microplastics”, and “nanoplastics”. Petrogenic micro and nano plastics (MNPs)
are ubiquitous in the ecosystems and form as a result of the ageing or the action of prevailing bio-environmental factors
on the plastic materials or direct release of MNPs in the environment. Fish and other aquatic organisms may ingest
MNPs from their polluted environment. This review aims to explore the multifaceted interactions between MNPs, other
pollutants, and the potential threats to human health. MNPs can translocate from the digestive tract to the kidney, liver,
and other body tissues, causing several toxicological effects in fish and other organisms in the food chain. MNPs can
induce hepatic and renal toxicity, causing the generation of reactive oxygen species (ROS), as well as carcinogenic,
teratogenic, and mutagenic potentials in organisms. MNPs can also act as channels via which contaminants and

pollutants such as heavy metals, endocrine disrupting chemicals (EDCs), polycyclic aromatic hydrocarbons (PAHs),
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organophosphate and organochlorine pesticides, etc, might pass to the organisms from different environmental media to
organisms in their environment. The ingestion of fish and other contaminated aquatic bio-resources might affect human
health via cancer or non-cancer risk effects. MNPs can also impact negatively on the human genetic makeup, inhibit

cell viability, induce inflammatory responses, and cause minor morphological alterations. Different equipment is used to

detect and characterize MNPs from the environmental matrix.

Keywords: Microplastics; Nanoplastics; Sampling Microplastics; Health Risk; Aquatic Pollution

1. Introduction

The discovery of plastic materials, their potential
uses, and subsequent introduction into the anthrosphere in
the 1800s " has made it an indispensable material that is
used in all sectors of human activities, and it affects all ar-
eas of daily lives *™. The word “plastics” originates from

ERINT3

the Greek words, “mlactikdg” “plastikos” which mean

CLINNT3

“fit for moulding” and “mAactog”, “plastos” which simply
mean “moulded” . Plastics can be manufactured in differ-
ent sizes for industrial, agricultural, clinical, or domestic
uses *). The term plastic is used in regard to the material’s
ability to be molded and shaped during manufacturing
processes, as well as its capacity to deform without break-

134 Plastics are generally a

ing under stress during usage
group of synthetic and semi-synthetic polymers that either
originate from fossil fuels (coal, crude oil, natural gas),
known as petrogenic plastics, and/or organic products or
renewable resources such as starch, grain, cellulose, corn,
sugar cane, and vegetable oils, etc., known as biogenic

plastics. Currently, in a bid to move from conventional

fossil fuels, technological advancements have enabled the
creation of hydrocarbon-based plastics from renewable
sources, giving rise to bioplastics !"*. Petrogenic plastics
are reported to account for over 90% of the total plastic
materials in circulation globally, and the aquatic ecosystem
is reported to have become the universal disposal site for
end-of-life to most of these materials "%,

Petrogenic plastics are non-biodegradable but can
fragment into smaller sizes of different shapes in the envi-
ronment. The terms “macroplastics, mesoplastics, micro-
plastics, and nanoplastics” are used in relation to the size
of the plastic pollutants in the ecosystem. The different
size ranges are shown in Table 1. Micro and nano plastics
(MNPs) are ubiquitous in the ecosystems and form as a
result of the ageing or the action of prevailing bio-environ-
mental factors on the plastic materials, which form the sec-
ondary source of plastic particles. Plastic materials in mi-
cro and nano sizes can also be manufactured for different
purposes, and they are a primary source of plastic particles

in the ecosystem !,

Table 1. Size Ranges of Plastic Pollutants in the Environment.

Types of Plastic Sizes Rage in Sizes Range in Size Rage in Millimetre Size Rage in Centimetre
Pollutants Nanometre (nm) Micrometre (um) (mm) (cm)
Macroplastics >25,000,000 >25,000 >25 >2.5
Mesoplastics 5,000,000-25,000,000 5,000-25,000 5-25 0.5-2.5
Microplastics 100-5,000,000 0.1-5,000 0.0001-5 10°-0.5
Nanoplastics 1-100 0.001-0.1 0.000001-0.0001 107-107

Source: UNEPP); Graham et al. U],

The pervasive presence of MNPs in aquatic ecosys-
tems has emerged as a significant environmental concern,
necessitating a thorough ecotoxicological assessment of
their sources, distribution, and implications. Once intro-
duced into surface waters from either the primary or sec-
ondary sources, these particles can accumulate and pollute

the water and sediments, affecting not only the ecological

balance but also the health of aquatic organisms, partic-

ularly fish species that serve as crucial links in the food

[8-10

chain ™%, These particles might exert toxicological effects

on aquatic organisms, which could ultimately translate to
human health risks through bioconcentration via the con-
sumption of contaminated fish and other aquatic bio-re-

[

11-13 s s
sources !, This review therefore seeks to explore the
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multifaceted interactions between MNPs, other pollutants,

and the potential threats to human health.

2. Methodology

Google Scholar) using keywords such as microplastics,
nanoplastics, health effects of micro and nano plastics,
MNPs in surface water, sediments, and fish, and inter-
actions between MNPs and other pollutants. The study

excluded non-peer-reviewed reviews and other irrelevant

Peer-reviewed articles were searched from open ac- articles. A total of 92 articles were used, as summarized in

cess repositories platforms (Research Gate, PubMed, and Table 2.

Table 2. Sources, Sampling and Analytical Methods, Ecological Impacts and Human Health Risk of MNPs.

Experimen- Source of Sampling and Analyzed Ecological Tm-
tation/Study Analytical Tech- Bio-Environ- g Human Health Risk References
. MNPs . . pacts
Location nique Employed mental Media
Global (re- Primary & Evidence syn- Marine & Ecosystem-level ~ Potential exposure via Lusher et al. "’; UNEP

views & policy secondary MPs

theses; collation freshwater bi- exposure across  seafood and water; Bl Triebskorn et al. ©;

guidance) from fisheries, of monitoring ota, water, sedi- trophic levels; data gaps highlighted GESAMP ™; Andrady
aquaculture, protocols; risk ments, seafood food-web transfer; for dose-response 3
consumer/litter appraisal habitat contamina-
inputs tion; persistence
Freshwater Urban runoff, Literature re- Rivers, lakes, MPs widespread Pathways to drinking Horton et al. ®'; McIl-
systems & WWTP efflu- views; basin-scale sediments, in inland waters; water and fish con-  wraith et al. ™ Dris et
Great Lakes  ent, tire wear, monitoring/QA  biota hotspots near sumption identified; al.™®; Driedger et al.
(reviews/mon- fibers proposals population centres call for health-rele-  ”; Eerkes-Medrano et
itoring strate- vant metrics al.""); Besseling et al.
gy) w
Modeling Floating litter ~Oceanographic ~ Surface waters; Predicts accu- Politikos et al.*”;
transport / from coasts,  particle-tracking; catchments mulation zones; Tasneem !
source map-  shipping, riv-  geospatial source informs monitor- —
ping ers; watershed assessment ing design
loads
Inland waters Urban/indus-  Shore/bed sed-  River/lake High spatial Klein et al.®"; Free
& sediments  trial inputs, rec- iments; density  shore sedi- heterogeneity; et al. ®; Dai et al. ™
(occurrence) reation, rivers —separation; ste-  ments; water ~ proximity to urban — Zhang et al. "
reomicroscopy;  column areas increases
FTIR/Raman loads
Urban/coast- Urban runoff, Sediment grabs/ Mangrove/ Sensitive nursery Possible indirect Mohamed and Obbard
al interfaces  boating, ports cores; density lagoon sedi- habitats accumu- effects via seafood 24 1 eslie et al.
(mangroves, separation; mi-  ments; canal  late MPs; altered harvested near cities Vianello et al.
canals, ports, croscopy; poly-  water/biota benthic conditions
lagoons) mer ID (FTIR/
Raman)
Beaches & Coastal litter Belt/line tran- Beach surface  Size-selective Heo et al. " Lee et
strandlines inputs & frag- sects; sieving; & high-strand- accumulation; in- al. ¥
(distribution mentation  visual counts; line debris dicators for coastal o
studies) particle sizing inputs
Fish inges- Ambient MPs  GI tract dissec- ~ Wild fish Widespread in- Dietary exposure Markic et al *%; Kilig
tion—marine (fibers/frag- tion; density (pelagic/de- gestion; retention route to humans via  and Yiicel ™”; Reboa
& freshwater ments) from  separation; visual mersal; larvae varies by ecology/ seafood noted et al.P'); Ferreira et al.
(field) coastal/oceanic sorting; FTIR/Ra- to adults) gut morphology; #2: Rummel et al. ®;
systems man confirmation potential sublethal Foekema et al. *¥; Ja-
effects been et al. *; Giiven

et al.*; Biginagwa et
al.®”: Sutton et al. ®*;
Steer et al. ™ San-
chez et al. ", Welden
and Cowie™"; Atama-
nalp et al. '; Paul and
Ramesh ]




Food and Drug Safety | Volume 03 | Issue 01 | January 2026

Table 2. Cont.
Experimen- Sampling and Analyzed .
tation/Study Source of AnalyticalgTech- Bio-En)\]'iron- Ecological Tm- Human Health Risk References
. MNPs . . pacts
Location nique Employed mental Media
Bivalves/mus- Ambient MPs; Field: digestion =~ Marine mussels Reduced feeding Seafood vector Avio et al."""; David-
sels & targeted experimental — + FTIR/Raman; & clams; feed- efficiency; tissue  highlighted; need for son and Dudas™;
taxa (field + nanoplastics  Lab: exposure ing behavior  accumulation; bio- human-relevant doses Wegner et al. *!
lab behavior) assays, feeding  endpoints marker responses
metrics
Laboratory Polystyrene Controlled expo- Zebrafish, sea Liver toxicity, Mechanistic evidence Lu et al.*; Batel et
toxicity—fish MPs/NPs; sures; histology; bass, goby; intestinal alter- (but higher lab doses al.™; Mattsson et al.
and other biota chemical-load- oxidative stress; trophic transfer ations, behavioral than environment); ¥7. peda et al. ¥ De
ed MPs transcriptomics;  via Artemia changes; trophic  relevance to human S et al.*”; Oliveira
enzyme assays transfer of PAHs; risk via comparable et al. *™; Yin et al.®";
prey confusion and pathways (oxidative ITheanacho and Odo *
reduced predation stress, inflammation)
Human expo- MPs/NPsin  Food digestion & Table salt; — Potential ingestion/  Prata et al.*”; Lai et
sure & effects salt/seafood;  filtration; FTIR/ seafood; human inhalation; cell inter- al.™™; Karami et al.

(reviews,
foods, cells)

airborne depo-
sition; dietary
microparticles

Raman; in-vitro
cell uptake; narra-
tive reviews

gastric cell
lines

nalization; immune/
gut-microbiome
interactions; uncer-
tain dose—response in
humans

4. Ensign et al. 1,

Salim et al. *®; Powell
et al.®"; Forte et al. ®¥

Rochman et al.

Analytical Environmen-  Visual sorting,  Particles from Method choice Accurate exposure  Hidalgo-Ruz et al.
methods & tal MPs/NPs  FTIR, p-FTIR,  water/sedi- affects ecological assessment underpins 190, Wirnkor et al. *';
standardiza-  (method devel- Raman/p-Raman, ment/biota inference; need health risk evaluation Shim et al.'®; Zada et
tion opment) Py-GC/MS; SRS harmonized QA/ al.™

microscopy; QA/ QC

QC guidance;

staining
Contaminant MPs as carriers Sorption/desorp- Plastic pellets, Enhanced bio- Indirect risk via con- Frias et al.*; Rios
vector (POPs  of POPs (PCBs, tion experiments; environmental availability of taminated seafood; et al.™®"; Teuten et al.
& metalson  PAHs, DDTs) pellet monitoring; MPs; ingested hydrophobics; metals/POPs co-ex- *”; Karapanagioti et
plastics) and trace met- GC-MS; metals plastics (sea-  potential point posure al.™”; Hirai et al.**;

als

assays

birds)

sources to biota
and sediments

Fisner et al. ''; Mato
et al.""; Ogata et al.

1. Colabuono et al.
12 Mohsen et al.";

Munier and Bendell 7™

River-basin

Mixed urban,

Coordinated sam-

River water,

Basin-wide distri-

Food-web exposure

Graham et al. "

scale, Africa  agricultural, in- pling of water, sediments, bution; differing  plausible; local di-
(multi-media  dustrial sources sediment, fish;  multiple fish  polymer profiles etary relevance
field study) density separa-  species by compartment
tion; microscopy
+ polymer ID
General Global marine Synthesis of Water column, Interactions across Source reduction Galloway et al. sl
ocean—eco- litter (gear, pathways and biota, habitats trophic levels; improves seafood Rochman
system in- packaging, interventions ecosystem func-  safety; management
teractions &  textiles) tion impacts portfolios needed
management
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3. Methods of Sampling, Identifi-
cation and Characterization of
MNPs from the Aquatic Environ-
ment

Petrogenic plastics are isolated from bio-environ-
mental media using a variety of methods depending on the
targeted size of the plastic pollutant. Nanoplastics might
require a combination of density separation, ultracentrifu-

gation, and nano-filtration techniques.

3.1.Methods of Sampling MNPs in Freshwa-
ter Environment

Hidalgo-Ruz et al. " suggest that sampling petro-
genic plastic particles within aquatic ecosystems, specif-
ically concerning sediments and the water’s surface, can
be divided into three categories: selective, bulk, and vol-
ume-reduced sampling techniques.

The selective sampling technique entails the di-
rect extraction of plastic materials from the environ-
ment. This method is applicable when the particles, such
as macro and mesoplastics, are visible to the naked
eye. It is particularly effective for collecting sedi-
ments found along the shoreline of freshwater bodies .
The bulk sampling technique involves collecting the en-
tire sample volume without any reduction methods, such
as sieving. The bulk sampling technique is utilized in lo-
cations where the visual identification of MNPs is chal-
lenging and when the sample contains a high concen-
tration of small-sized MNPs, providing a representative
understanding of contamination levels . Volume-reduced
sampling, on the other hand, is a focused approach that
targets specific MNPs while discarding other elements
present in the environment. This sampling method is ad-
vantageous in extensive study areas where bulk sam-
pling may not yield optimal outcomes """

In bulk water sampling, containers like buckets,
drums, or bottles are utilized. In contrast, volume-reduced
sampling often involves trawling with nets such as manta
nets and plankton nets, as well as using sieves of various
sizes either during or after sampling. Primarily, trawling
with different types of nets—including manta, neuston,

plankton, and bongo nets—is employed in volume-reduced

water sampling. Additionally, some researchers have used
pumps combined with sieves featuring mesh sizes ranging
from 50-100 pm . In bulk water, samples are usually
collected using stainless steel buckets, bottles, and various
other containers, accompanied by a mesh that has an up-
per size limit of 2000-5000 um to prevent larger particles
from contaminating the sample. In certain studies, volume
reduction has been achieved through the use of sieves of
varying sizes following the bulk water sampling; this ap-
proach serves a dual purpose: reducing volume and facil-
itating particle size distribution. The volume of water col-
lected for bulk sampling within freshwater systems lacks
standardization, ranging from 5-100 L, and larger volumes
yielding more robust and dependable results might be ob-

tained ",

3.2. Methods of Identification and Characteri-
zation of MNPs

The process of identifying and characterizing MNPs
involves the use of various types of instruments to facil-
itate the identification and visualization of their shapes,
colors, polymers, and other characteristics. For effective
visualization of their morphology, such as the shapes and
colours of MNPs, different microscopy tools such as stan-
dard optical microscopes, fluorescent microscopes, sterco-
microscopes, and scanning electron microscopes (SEM)
are utilized **"",

Additionally, the characterization of the polymers is
performed through spectroscopic methods such as Fourier
transform infrared spectroscopy (FTIR), Raman spectros-
copy, and pyrolysis-gas chromatography linked with mass
spectrometry (Pyr-GC-MS) 4™ The polymer types
are usually identified by comparing the FT-IR spectra with
known spectra. Fourier transform infrared spectroscopy
(FT-IR) can only identify MPs with a minimum particle
size of 20 um, while Raman spectroscopy identifies MNPs
of particle size smaller than 20 pm "7 Micro-spec-
troscopy FTIR (u-FTIR) can detect smaller MPs (20-300
um) as opposed to just FT-IR alone, which usually has a
detection limit of 50-300 um "”; attenuated total reflec-
tance-FTIR (ATR-FTIR) is capable of identifying thick or

(24921 Stimulated Raman scattering (SRS) is

opaque MNPs
suitable to characterize MNPs on a low Raman background

filter membrane when no pretreatment processes are con-
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ducted "*'but it is highly cost-effective. As Raman spec-
troscopy (including micro-Raman spectroscopy (p-Raman)
can identify extremely small-sized MNPs.

Pyrolysis-gas chromatography linked with mass
spectrometry (Pyr-GC-MS) is also used in analyzing the
chemical composition and structural properties of higher
molecular weight polymers via detecting their thermal deg-
radation products """, This can be used to detect both the
MNPs polymers, other additives in the MNPs, including
the chemicals that might have sorbed or absorbed on their

surfaces from the environment """,

4. Sources and Ecological Impacts of
MNPs in the Aquatic Ecosystems

The level of concentrations of MNPs in the eco-
system is mainly induced by either fragmentation and
weathering of large plastic waste or direct release of pri-
mary sourced MNPs into the environment *'*'>** The
occurrence of MNPs in the aquatic ecosystems and in the
environmental generally, is reported to originate primar-

[9,23,42]

ily from secondary sources as shown in Figures 1

and 2.

SOURGES OF PLASTIC PARTICLES IN THE AQUATIC ECOSYSTEM

Airborne Source

Urban Runoff || Maritime Activities

cosmetics
washed down drains.

Figure 1. Sources of MNPs in the Aquatic Ecosystems.

Plastic
debris

Fragmentation
by UV

Figure 2. Secondary Source of MNPs in the Environment.
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MNPs in the aquatic ecosystems are reported to stay
longer in the hydrographic columns, interact more with
other pollutants and travel to a more longer distance sim-
ply because of their size and their density independent
qualities, additionally their behaviour and toxicity do not
depend exclusively on their size as other properties of in
their bio-environmental factors might also influence their
risk ability to exert toxic effect in the environment "',

MNPs exhibit diverse morphological and chemi-
cal characteristics. They might occur in diverse shapes
(spheres, fragments, film, fiber, etc.), colour (white, black,
red, green, etc.), and polymers compositions (polyeth-
ylene—PE, polystyrene—PS, polyamide—PA, polypro-
pylene—PP, polyvinyl chloride—PVC, polyethylene tere-
phthalate—PET, etc.) in the aquatic ecosystems "\

The distribution of MNPs in freshwater ecosystems
exhibits significant spatial heterogeneity, which leads to
the large discrepancies, spanning multiple orders of magni-
tude, both within and between studies conducted by schol-
ars "2 Most studies suggest that the sediments
show higher concentrations of MNPs than water samples.
Surprisingly, in lacustrine environments, MNPs tend to
show higher abundance in areas close to urban and indus-
trial centers, but in some riverine ecosystems, this was not
always the case, as the river flow dynamics and flooding
might affect their abundance . Furthermore, inadequate
waste management, wind action, and effluent discharges
from effluent treatment plants (ETP) and water treatment
plants (WTP) might also contribute to the abundance of
MNPs in relatively isolated freshwater environments %,
Paul and Ramesh “* reported that the fishing industry it-
self might also contribute to the global increase in MNPs
pollution, as several studies revealed that MNPs analyzed
are of similar polymers with the polymers from fishing

[9,27,28,43

gears I Similarly, high concentrations of MNPs

were found in sediments at Chioggia in the Venice Lagoon,

a major Adriatic Sea fishing hub .

4.1. MNPs Ingestion by Aquatic Organisms

Fish and other aquatic organisms may ingest MNPs
from their polluted environment for several reasons; they
may mistake these particles as prey or ingest them during

8,10

filter feeding ™'”. Atamanalp et al. "' found that levels of

MNPs contamination in their analyzed fish are influenced

by multiple bio-ecological factors such as age, ecologi-
cal niche, and feeding behavior, along with the extent of
MNPs contamination in the environment. Markic et al. !,
on the other hand, particularly reported a higher level of
concentration of MNPs and a corresponding higher lev-
els of ingestion rate in the gyre regions, Kili¢ and Yiicel
B9 reported similar situation in freshwater drainage areas
whereas Naidoo et al. ™ and Reboa et al. " reported a
relatively similar trends in a heavily industrialized or ur-
banized regions porting areas, all these studies revealed
a higher levels of concentrations of MNPs compared to a
more relatively environmental green areas where there are
less anthropogenic activities.

MNPs have been reported to translocate from the
gastrointestinal tract to the hepatic tissues of the Flathead
grey mullet (Mugil cephalus) "". Nevertheless, the concen-
tration of these MNPs within the liver was found to be two
orders of magnitude lower than in the associated gastroin-
testinal tract ', Additionally, MNPs were identified within
the gills, liver, and gastrointestinal tract of the Zebra danio
(Danio rerio), resulting in inflammation, oxidative stress,
and disturbances in energy metabolism **'.

The transfer of MNPs within the food chain refers
to the phenomenon whereby a prey organism that harbors
MNPs is ingested by a predatory species. Such dietary
exposure could potentially account for the presence of
petrogenic MNPs in predatory fish species "***". Matts-
son et al. /! observed that the behavioral and metabol-
ic repercussions on predatory Crucian carps (Carassius
carassius) following exposure to pre-contaminated prey,
noting a significant decline in their feeding activity. The
physiological and behavioural effects of MNPs exposure
were manifested in alterations to the gastrointestinal tract,
with compromised intestinal functionality being observed
in the European seabass (Dicentrarchus labrax) after a
90-day exposure period **). The behavior of fish is like-
wise influenced by exposure to MNPs: the common goby
(Pomatoschistus microps) exhibited diminished predatory
efficacy, atypical swimming patterns, and increased leth-

[32,49,50 [76,80] [59]

argy
vironmentally pertinent levels of MNPs and their related

!, Rochman et al. and Rochman “™ used en-
pollutants, revealing that they caused liver damage, hepatic
stress, altered endocrine function, and affected gene ex-

pression in Japanese medaka (Oryzias laticeps). Interest-
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ingly, a comparable study by Rummel et al. ** found no
negative health impacts associated with MNPs exposure in

rainbow trout (Oncorhynchus mykiss).

4.1.1. MNPs in Fish Gastrointestinal Tract

Numerous studies have detected MNPs in the gas-
trointestinal tracts of wild-caught fishes. Most studies are
focusing on commercially important species because of
the potential effects of these petrogenic plastic particles on
the market and risks to human health. Field studies have
confirmed the ingestion of MNPs by many commercial
fish species from both pelagic and benthic zones !'*****),
Interestingly, MNPs are detected in fish brought from
markets ®, including wild-caught freshwater Nile Tilapia
(Oreochromis niloticus) from Tanzania’s Lake Victoria
7 Jabeen et al. ! discovered that all the 27 fish species
collected from fish markets in Shanghai exhibited vary-
ing levels of MNP contamination. MNPs may be expelled
along with feces or may remain in the digestive tract ®**”,
MNPs have been found in the gastrointestinal systems of
fish, and smaller freshwater species are sometimes con-
sumed whole, including their digestive tracts, which may

pose a health risk to the consuming human population "**,

4.1.2. MNPs Bioaccumulation Through Tro-
phic Transfer

A prevalent worry regarding numerous persistent
pollutants, particularly petrogenic plastic particles, is the
potential for trophic transfer and bioaccumulation. Most
ingested environmental pollutants can accumulate in the
tissues of organisms and increase in concentration through-
out the food chain, resulting in heightened body burdens
in organisms at higher trophic levels *".. MNPs not only
translocate into the tissues of their hosts but can also be re-
tained and amplified at higher trophic levels ™'*). If trophic
transfer occurs frequently, animals higher in the food chain
may face a greater risk of adverse effects, such as harm to
and irritation of the gut lining, as well as decreased nutri-

45,51

ent absorption “>*"" MNPs have been found in large pe-

lagic fish, and it has been suggested that the MNPs present
in these species might have originated from the prey they

36,39
consume rather than from other sources ®**".

4.1.3. Toxicological Effects of MNPs on Fish

MNPs that accumulate in the gastrointestinal tracts
of fish after consumption lead to digestive system block-
ages and diminished feeding due to a feeling of fullness in
the gut """\, This situation further results in both struc-
tural and functional impairments in the gastrointestinal
tracts, subsequently causing nutritional deficiencies and
growth issues in fish “**"). Once MNPs translocate to oth-
er organs of the fish, such as the liver and gills, they may

39,51] 1 [51]

inflict damage on these organs ™. Yin et a reported

that experimental fish after exposure to MNPs show a loss
of weight, reduced growth, and gross energy rate. Inges-
tion of MNPs might trigger inflammatory reactions in fish

431 disrupt metabolic processes *”

h [36]

, and compromise the
immune functions in the fish™”. MNPs can also induce a
variety of adverse effects in fish, including decreased ener-
gy reserves, hindered reproduction and growth, oxidative
harm, disruption of metabolism, and cellular damage *'*.
The harmful effects of MNPs in fish are defined by
the production of reactive oxygen species (ROS), such as
hydrogen peroxide (H,0,), superoxide anion (O,"), peroxyl
(RO,"), alkoxyl (RO".) and hydroxyl (OH), radicals which
induce the oxidation of lipid, protein, Deoxyribonucleic
Acid (DNA) and other cellular component ****, Theana-
cho and Odo " reported that MNPs cause the alterations
in hematological metrics, with considerable decreases not-
ed in mean cell volume and mean cell hemoglobin levels.
Moreover, neutrophil counts were found to be lower, along
with significant modifications in glutathione peroxidase
activity observed in both the brain and gill. In addition, the
activity of superoxide dismutase was suppressed in these
tissues, catalase activity in the brain showed a significant
decline, and there was a notable rise in lipid peroxidation
levels in the brain, which was influenced by both the quan-

tity and duration of exposure.

4.2.Ecological Impact of MNPs in Surface
Water Bodies

MNPs have significant ecological impacts on surface
water bodies. These impacts are multifaceted, affecting
aquatic organisms, ecosystem dynamics, and subsequently
human health ®*!. The ecological impacts and ecotoxicity

of MNPs in surface water bodies increase largely due to



Food and Drug Safety | Volume 03 | Issue 01 | January 2026

their ability to sorb, absorb, and leach heavy metals and
other pollutants in the aquatic environment. Their overall
ecological impact is as follows:

Ingestion and Toxicity: MNPs are easily ingested
by aquatic organisms due to their small size, leading to the
accumulation of toxic substances and disruption of physi-

[78,84

ological functions in these organisms | This ingestion

can cause physical damage, suffocation, and starvation in
marine life 7%,

Ecosystem Disruption: MNPs might disrupt the
structure and function of the ecosystems. They might inter-
fere with nutrient cycling and biogeochemical processes,
affecting primary producers like phytoplankton, which are
crucial for photosynthesis and primary productivity "'**,
This disruption can lead to altered food web interactions
and may lead to biodiversity loss "%

Pollutant Transport: MNPs can sorb and absorb
harmful pollutants from their environment and act as vec-
tors, transporting these pollutants and other disease vec-
tors through the aquatic systems “>**. They can also leach
chemicals, further contaminating water bodies ***.

Habitat Alteration: The presence of MNPs can pro-
vide new habitats for invasive species and alter the micro-
bial community structure, leading to changes in ecosystem
dynamics "%

Socio-Economic Effects: The ecological impacts of
MNPs may extend to the socio-economic aspects of the en-
vironment, affecting fisheries, tourism, and human health
due to the contamination of the water and aquatic bio-re-

source 67882,

4.3. MNPs Interactions with Other Chemicals
in the Ecosystem

4.3.1. Interaction of MNPs with Heavy Metals
in the Aquatic Ecosystems

Heavy metals are naturally occurring elements found
in the earth’s lithosphere and have been recognized and
utilized by humans for hundreds of years. They exist in
varying concentrations across all ecosystems . They are
defined and characterized as metallic substances that have
a density considerably greater than that of water """ The
presumption that heaviness and toxicity are strongly cor-

related made metalloids, such as cadmium, chromium, ar-

senic, lead, and mercury, also be regarded as heavy metals,
in that they can induce toxicity even at low levels of expo-

87,88,91
(575591 Humans can be exposed to

sure in the ecosystem
heavy metals both from natural and anthropogenic sources.
Regardless of the mode and routes of exposure, heavy met-
als are all toxic in a sufficient concentration to biota in the
ecosystem (85901,

Heavy metals are sometimes used as additives in
the manufacturing processes of plastics for many reasons,
such as pigmentation, stabilizers, and resistors !"*). MNPs
additionally interact with heavy metals while in the envi-
ronment by absorbing, sorbing, or attaching these metals to
their surfaces, thereby increasing their bioavailability and
their subsequent chances of intake by biota **%?1.

Rochman et al. ™ studied heavy metal accumulation
on MNPs polymers such as PS, PET, PE, PVC, and PP in
different locations in the United States of America (USA),
and reported relatively high concentrations of heavy metals
(Zn, Cd, and Pb) on all the detected polymers. Similarly,

Munier and Bendell ™

studied the different heavy met-
als sorption and absorption on different MNPs in Canada.
They discovered that different polymers of the MNPs had
a strong positive affinity with Cd, Cu, Zn, and Pb. Mohsen
et al. " studied eight different heavy metals in association
with isolated plastic particles from some selected farms in
China and discovered different levels of heavy metals (As,

Cd, Cr, Cu, Mn, Ni, Pb, and Zn) associated with MNPs.

4.3.2. Interaction of MNPs with Other Pollut-
ants in the Aquatic Ecosystems

Micro and nano plastics (MNPs) have a large sur-
face area-to-volume ratio, enhancing their sorbent ability
for toxic chemicals on their surface. These chemicals may
include polycyclic aromatic hydrocarbons (PAHs), endo-
crine-disrupting chemicals (EDCs), etc. MNPs can act as a
medium or channels via which contaminants might pass to
organisms from different environmental media, including
the aquatic environment ). MNPs can both be hydrophilic
and hydrophobic depending on their chemical characteris-
tics. MNPs tend to be hydrophobic in most cases, and their
surfaces exhibit minimal polarity. This allows for the hy-
drophobic (repellent to water or immiscible in water) ad-
sorption of various chemicals from the water column onto

their surfaces ",
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Several studies discovered different concentrations
of polycyclic aromatic hydrocarbons (PAHs) associated
with MNPs in the aquatic environment *>*******"7] These
studies further indicate that the petroleum industry might
have impacted the availability and concentration of both
PAHs and MNPs, and reaffirm that MNPs have a strong
positive association with PAHs in the aquatic environment.

Studies further indicate that MNPs also have a rela-
tionship with organophosphate (OP) and organochlorine
(OC) pesticides, which are synthetic pesticides that be-
long to the group of chlorinated hydrocarbon derivatives
(779721 Different concentrations of dichloro-diphenyl-tri-
chloroethane (DDT) and dichlorodiphenyldichloroethane
(DDD) were indicated in association with MNPS """,

4.4.Potential Human Health Risk from the
Consumption of MNPs Contaminated
Aquatic Bio-Resource

The presence of MNPs in fish and other aquatic
bio-resources complicates human exposure, as millions of
individuals source their protein from the aquatic bio-re-
sources. The ingestion of fish and other contaminated
aquatic bio-resources might affect human health via cancer
or non-cancer health risk effects.

Human exposure to MNPs might result in different
degrees of toxicity, such as oxidative stress, inflamma-
tory lesions, and increased uptake, which might result in
translocation to other body parts like the liver, kidney,
etc, which might cause damage to the immune system,
and chronic inflammation might result in the risk of neo-
plasia ®>"7,

The human route of exposure to MNPs is mainly
via ingestion of contaminated food sources """, Studies
reveal that MNPs were detected in some wild-caught and
even home-grown fish species, indicating a high possibil-
ity of human exposure via consumption of contaminated
fish ' %4 Once ingested, petrogenic MNPs within the
human digestive system may be absorbed by specialized
M-cells that line the intestinal lymphoid tissues, together
with the chemical additives and other absorbed chemicals
from the environment. This interaction can lead to an in-
flammatory response and alter the composition and metab-
olism of gut microbiota ®>**’”, MNPs are also reported to

impact negatively on the human genetic makeup, inhibit

cell viability, induce inflammatory responses, and minor
morphological alterations ***"”",

The increase in bio-availability of MNPs and oth-
er associated environmental persistent pollutants in the
aquatic environment might increase the bio-magnification,
bio-accumulation, and bio-concentration potentials of both
pollutants, thereby increasing their potential health risks.
MNPs are associated with chemicals that are known to
possess carcinogenic, mutagenic, and teratogenic proper-
ties; they act as a vehicle for their movement from their
contaminated environment into the body of living organ-

isms 545677

! MNPs not only absorb or sorb different pol-
lutants onto their surfaces but also desorb and dissociate
native inherent chemicals of different degrees into the en-
vironment and possibly in the body of living organisms,

including humans.

5. Conclusions

Micro- and nanoplastics (MNPs) have emerged as
pervasive and persistent contaminants in aquatic ecosys-
tems, originating from both the fragmentation of larger
plastic materials and the deliberate production of primary
micro- and nano sized plastics for industrial and domestic
applications. Their widespread distribution, physicochem-
ical stability, and ability to travel long distances in water
bodies highlight their environmental importance and grow-
ing global concern. Evidence from multiple studies demon-
strates that MNPs occur in various shapes, colours, and
polymer compositions, with significant spatial variability
influenced by anthropogenic activities, hydrodynamic con-
ditions, waste management practices, and industrial dis-
charges.

The ecological consequences of MNPs are profound.
Aquatic organisms, particularly fish, readily ingest MNPs
through filter feeding, mistaken identity, or trophic trans-
fer. Once ingested, these particles may accumulate in the
gastrointestinal tract, translocate into vital organs such as
the liver and gills, and induce numerous physiological and
biochemical disturbances. These include inflammation,
oxidative stress, reduced feeding efficiency, metabolic dis-
ruption, intestinal damage, compromised immunity, and
altered behavioural patterns. The generation of reactive

oxygen species (ROS) is a major mechanism underlying
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MNP-induced cellular toxicity, contributing to lipid perox-
idation, DNA damage, enzyme alterations, and disturbanc-
es in hematological parameters.

Additionally, MNPs serve as vectors for various
environmental pollutants. Their hydrophobic surfaces fa-
cilitate the sorption, absorption, and transport of heavy
metals, polycyclic aromatic hydrocarbons (PAHs), organo-
phosphate pesticides, and endocrine-disrupting chemicals
(EDCs). These interactions not only enhance the environ-
mental persistence of such contaminants but also increase
their bioavailability, thereby intensifying ecological and
toxicological risks. Heavy metals such as cadmium, lead,
chromium, arsenic, and mercury have been documented
on different MNP polymers, while PAHs and chlorinated
pesticides adhere strongly to plastic surfaces, potentially
magnifying the pollutant burden in exposed organisms.

The human health implications of MNP contamina-
tion are equally concerning. With numerous studies con-
firming MNP presence in commercial fish species and fish
sold in markets, humans are increasingly exposed to both
plastic particles and their associated pollutants through
dietary pathways. The ingestion of MNP-contaminated
aquatic foods may lead to cancer and non-cancer health
risks, endocrine disruption, inflammatory responses, ge-
netic alterations, and compromised cellular viability. While
the full extent of human health consequences remains un-
der active scientific investigation, existing evidence under-
scores a clear cause for precaution and urgent intervention.

The cumulative scientific evidence indicates that
MNPs represent a complex, multidimensional environ-
mental threat with significant ecological, toxicological,
and public health implications. Addressing this challenge
requires a combination of improved waste management
practices, stricter regulations on plastic production and
disposal, advanced monitoring and detection technologies,
and strengthened global policies aimed at minimizing plas-
tic pollution. Continued research is essential to refine our
understanding of MNPs behaviour, pollutant interactions,
exposure pathways, and long-term risks. Without compre-
hensive mitigation efforts, the persistence and bioaccumu-
lative potential of MNPs will continue to pose escalating

risks to aquatic ecosystems and human populations.
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