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Feasibility of measuring plastic particles in situ

Reports over the last 3-4 decades about increasing plastic concentration in the oceans has created great
public and regulatory concern. A frequent desire heard by instrumentation manufacturers from
scientists and regulators is to have the ability to measure and/or detect plastic particles in situ in the
ocean. This note describes a few problems associated with this endeavor.

First, it is important to realize that the number concentration of plastic particles in the ocean is generally
between zero and a few 100 particles/m3. For example, Kooi et al. (2016) reports mean values of 0.68
particles/m?3 in the surface layer of the North Atlantic accumulation zone. Reisser et al. (2016) reports
median values of 1.69 particles/m? in the surface layer of the North Atlantic Gyre. Goldstein et al. (2012)
reports 0.116 particles/m? in the North Pacific Subtropical Gyre. Choy et al. (2019) reports 16
particles/m?3 at a depth of a few 100 m in Monterey Bay, CA.

These low number concentrations have implications for in situ measurement and detection of plastic
particles. At a number concentration of a particles, the volume that on average contains exactly one
particle is 1/a. This must be compared to the sensing volume, SV, of any sensor designed to detect
plastic particles. If each measurement is completely independent of the next, i.e. all water in the sensing
volume has been replaced between two consecutive measurements, the measurements required to
detect one plastic particle is (1/a)/SV. It is immediately seen from this that only when (1/a) >= SV can we
expect to detect a particle.

To exemplify this, consider Sequoia's LISST-Holo2 (https://www.sequoiasci.com/product/lisst-holo/),
with a sampling volume SV of 1.5 cm? = 1.5*%10® m3. At a range of plastic number concentrations typical
for the world's oceans, the table shows the number of holograms and time required (at a 20 Hz sampling
frequency) to observe just one plastic particle.

Number Independent holograms required Time (s) (hh:mm:ss)
concentration (m?3) to see just one plastic particleina | required
1.5 cm? sensing volume to collect holograms @ 20

Hz

0.7 952,000 47,600 (13:13:39)

1 666,667 33,300 (09:15:33)

10 66,667 3,300 (00:55:33)

16 41,667 2,100 (00:34:43)

100 6,667 333 (00:05:33)

1,000 667 33

5,000 133 7

10,000 67 3

333,000 2 0.1s

666,000 1 0.05s



It is evident from the table that with a sampling volume the size of the LISST-Holo2, it is not feasible to
attempt to see or detect plastic particles unless their concentration is of the order of at least 10,000's
particles/m?3. At the concentration typically encountered in the ocean of 1 to 100 particles/m?3, a sensor
with a sensing volume of the order of 0.01 to 1 m3is required.

No commercially available sensor with a sensing volume of this size exists. Honjo et al. (1984) describes
a camera system with a sensing volume of 1.06 x 1.56 x 0.4 m = 0.66 m? and a resolution of 200 pm.
However, their system simply took pictures of the particles. For automated and efficient analysis, it is
necessary for the camera to automatically discriminate plastic particles from non-plastic particles from
the images. It is unknown if this is feasible. Finally, a camera with a sensing volume of this size would not
work in coastal zones where the particulate concentration from sediment and plankton particles is
already of the order of millions or billions of particles/m3.
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