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Microplastics — the new challenge to an environ-

mental forensic expert

Environmental forensics involves the investigation of a
diverse range of pollutants that have been accidentally or
deliberately released into the environment, to understand
their origin and aid the courts in attributing responsibility.
For decades, pollutants such as oil and heavy metals, have
been the focus of investigation. More recently, emerging
pollutants such as plastic waste have become of interest
to environmental forensic scientists (Aswini and Varghese,
2020). Plastics have revolutionised our daily lives and have
provided significant benefits for many industries; however,
although the societal benefits have been immense; there
is no doubt that plastic has developed into a considerable
environmental problem, resulting in calls for plastics to be
classed as a hazardous waste (Rochman et al., 2013a).

The extent of this pollution type is vast; far greater than
many other pollutants that are typically investigated by
environmental forensic scientists. Only 9% to 12% plastic
was recycled or incinerated; and 79% was discharged into
the natural environment or landfills (He et al., 2020). Plastic
pollution has been found to be present in all of our envi-
ronmental compartments including atmospheric, terres-
trial, marine and freshwater ecosystems. Figure 1 shows
the abundant nature of microplastics found on a beach in
San Diego. Plastic litter has been found to be present in
even the most remote locations on the planet, including
the Arctic (Bergmann et al.,, 2019), and the deep sea (Tay-
lor et al., 2016; Woodall et al., 2014). These plastics pose
a problem to aquatic biota in both marine and freshwater
environments; mega plastic (>1m) and macro plastic items
(2.5cm-1m) cause entanglement, suffocation and starva-
tion and microplastics (<5mm) exposure leads to a reduc-
tion in fecundity, reduced ability to remove pathogenic bac-
teria and lower feeding rates (GESAMP, 2019).

Microplastics are released into our environments
through a variety of mechanisms, these include both ac-
cidental and deliberate release of plastic waste. Primary
sources (those which have been deliberately manufactured
at this small size, e.g. microbeads in cosmetic products)
and secondary sources (formed from the degradation of

FIGURE 1: Microplastic pollution on San Diego Beach (5-7-18).

larger plastic items) transport between environments easi-
ly (Arthur, 2008). For example, synthetic fibres are released
into the atmosphere through wear and drying of clothes
(O'Brien et al.,, 2020), into water environments via wash-
ing (Fontana, G.D, Mossotti, R and Montarsolo, 2020) and
into our terrestrial environments via sewage sludge from
wastewater treatment plants (Ren et al., 2020). Although
microplastics are not a standard contaminant in the remit
of an environmental scientist, with other discipline experts
from marine science backgrounds taking the lead in these
studies, now it is clear that environmental forensic science
approaches are beneficial in understanding the source of
such contaminants and also in providing robust methods
for sampling.
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Microplastic Sampling

The microplastic sampling methods used are depend-
ent on the purpose of sampling and the medium being
sampled. Air sampling typically uses air pumps which
recover particulates onto filter papers, whereby they are
easily recovered for analysis. Although air sampling for
microplastics is relatively new, it has adopted approaches
from other air pollution sampling techniques.

Sampling water is a little more complex depending on
the amount of water being sampled, the depth and the
microplastic size fraction being targeted. Water sampling
can include volume reduction approaches which employs
the use of nets with a given mesh size, such as neuston
or manta nets that are towed along the surface (Schonlau
et al., 2020) or bongo nets for sampling below the surface
(Doyle et al., 2011). Alternatively, grab sampling, aka bulk
sampling may be employed, where a given amount of water
is collected either by using a container, such as a metal
bucket (for surface sampling) or niskin bottle (for below
surface sampling - Figure 2) or an in-situ pump. Grab sam-
pling is not size selective unlike the use of any mesh or fil-
ters which will only capture samples larger than its mesh/
pore size. This typically leads to microplastics smaller
than 300 micrometers, (a common mesh size) not being

FIGURE 2: Water sampling using a niskin bottle along the Hudson
River with Staffordshire University (UK) and the Rozalia Project
(USA). Photo courtesy of the Rozalia Project.

collected (Setéld, 2016), which is problematic when trying
to understand the extent of this pollution. A critique of the
different methods employed for sampling water for mi-
croplastics was completed by Prata et al.

Soil sampling utilises metal augers or steel soil sam-
plers (usually trowels) to obtain samples to a given depth
(Yang et al., 2021). Figure 3a shows a metal auger used
for soil sampling. Sampling in beach sediments (Figure 1)
is carried out by scraping out a small depth of sediments
from a definite area. The procedure specified by NOAA (Lip-
piatt et al., 2013) for sampling of micro-debris from shore-
line is often adopted. Figure 3b demonstrates mapping out
soil sampling locations along a bank of a river.

FIGURE 3a-b: Soil Sampling along the Hudson River with Staf-
fordshire University (UK) and Rozalia Project (USA) Photos
courtesy of the Rozalia Project.
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A specific strategy should be employed for complex bi-
osolid matrices such as composts, anaerobic digestates
and sewage sludges where microplastics are widely found
nowadays. These end-of-wastes can be directly used as
bio-fertilizers in soils and, therefore, a deep investigation
on concentrations of MPs is required to avoid their remis-
sion into the biosphere.

Because it is not practicable to separate the MPs and
the solid matrix before the sampling phase, the sampling
should follow several standards developed specifically for
the above cited biosolids. The choice of the approach is de-
termined by the research, technical or forensic question and
involves considerations of the hypothesized analyte distri-
bution in the field, potential sources, or final destination.

Microplastic sampling for forensic applications

Sampling of contaminants for the context of the courts,
requires robust procedures. In environmental forensic
sampling, the integrity and continuity of the sample is para-
mount. In microplastic research studies, the requirements
of court are not currently present but as we move towards
gaining source level information from microplastic sam-
ples, the need for methods that can stand up to scrutiny
in court is required. Regardless of the sample type, they
should be secured for transportation in a manner that pre-
vents contamination and loss. However, for many years,
microplastic studies did not consider contamination of
samples during sampling, transportation or processing,
likely leading to the overestimation of microplastics pres-
ent. Since then, protocols from the forensic science indus-
try for minimising contamination have been adapted for
microplastic use (Woodall et al., 2015).

Environmental forensic procedures require full labelling
of samples and detailed descriptions of the locations they
have been obtained from. GPS coordinates, along with lo-
cal details such as proximity to cities, roads and wastewa-
ter treatment plants is required yet not always gathered. In
addition, control samples from potential sources of the pol-
lutant are not regularly recovered, for example, agricultural
plastics that may have entered the soil and subsequently
nearby water environments. Collection of controls in other
environmental forensic sampling is standard and it is likely
due to the infancy of the analysis of this new pollutant that
the sub-discipline has not evolved enough to start investi-
gating source in a meaningful manner. For environmental
forensic scientists and those investigating waste, inclusion
of plastic pollution into workflows is likely to increase in
coming years.
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