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Microplastics and Motivation of Study

* About Microplastics (MPs)
e a Contaminant of Emerging Concern (CEC)

 generally defined as solid, insoluble, synthetic organic polymeric materials with
sizes smaller than 5 mm

* Motivation of Study

* Conventional analysis for MPs, generally involves laborious sample clean-up
procedures; use of hazardous chemicals; and long man-hours — particularly so, for
complex water matrices.

 Through leveraging on the affordances of Laser Direct Infrared (LDIR) Chemical
Imaging System - a new technology — we explore the quicker and easier analysis of
MPs in complex water matrices like Surface Water and Treated Effluent.



Introduction
About LDIR

Quantum Cascade Laser (QCL) technology * improved sensitivity
* brighter output, higher directionality * shorter spectrum collection time
* focuses all laser power onto a single particle (1 sec/spectrum)
Automated, rapid scanning optics * ‘load-and-go’
* movement of sample relative to IR beam is fully automated * reduced man-hours
Discrete frequency infrared imaging capability * collects spectra only from
* images a large area quickly using a monochromatic beam microplastics-like particles
* discriminates background and matrix interferences (without IR signals) * higher through-put than
from suspect particles (with IR signals) conventional analysis

- l — Bright, coherent light source
— Focus all laser power onto a particle

Coherent laser light

— New instrument architecture

— Proprietary Agilent quantum cascade laser (QCL)

10-pm particle “ "
Laser focus technology

— Rapidly tunable across the mid-infrared for

All light reaches the particle spectroscopy
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— One second per spectrum
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Sample preparation workflow
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Positive Controls e 80um Polystyrene (PS) microspheres,

Thermo suspended in agqueous medium to
promote dispersion and reduced

clumping, were purchased from Thermo
DUKE STANDARDS™ Microsphere Size Standards . .
NIST Traceable Mean Diameter Scient Ifl C.

1. DESCRIPTION. These particle size standards provide accurate and traceable size calibration for
particle size analysis. They are part of a series of polymer microspheres with calibrated mean diameters
traceable to the Standard Meter Ihrough the National Institute of Standards and Technology (NIST).

ﬂl‘OPPef'fb'Drg; Eigl:ncalliwate‘:EM) n oorrelail e acrcssom Ih(l Ds}aq"a“"'s EIHPGMFGM in - . .
gy 10 o ol mioccy Tl sqanu” modbm s been ppard o prenci * The approximate particle concentration

is given to facilitate dilution for the calibration and vahr.fatnun of particle analyzers. Dcametsrs from 200

um to 1000 pm are available as dry spheres, calibrated by optical microscopy. The cerlified mean . ope . .
di is traceable to NIST. Other val for inf atorl d should not be used as calibration
dameter s vaceable er¥alles ae o formatin ony and shouid ot be sed 25 is calculated to facilitate dilution.
2. PHYSICAL DATA Catalog Number: 4280A, Nominal 80 um
Ceri an Diameter: ?161 pm 2 1.3 pm, k=2 e _—
.\c,|° mﬁnﬂwmt po c‘;"’ mu.,';;"| gﬁ%aﬂl icrospheres/m
icrosphere Composition: e
mdexof ME.:“G.," ::59 ”‘g‘;s nm N = # microspheres/mL for suspensions in water
Approximate Goncentration:  1.8% saids - Continued on page 2 N._ BXi0°eSep S = weight % solids (for 10% solids suspension, S=10)
= nep. el pl = density of microsphere suspension (g/mL)
P, = 100 ® p, /[S(1-p)+(100 ® p)]
p. = densityof solid sphere (g/cm’)
CERTIFICATE OF CALIBRATION AND TRACEABILITY d = meandiameter (ym)
This certifies that the calibrated mean diameter dimension of this product was transferred by optical
microscopy from a stage micrometer calibrated by the National Institute of Standards and Technology
(SRM 2800 SN411). NIST Standard Reference Materials 1690, 1692, 1960, and 1961 were used to . . .
validate the accuracy and traceability of the calibration methods. ° ApprOXImate pa rtlcle concentration
Catalog Number: 42804, Duke Standards™ Microsphere Size Standards
Certification Date: J 24, 2020 .
il P based on COA:
Production Batch: 4280-020
Certified Mean Diameter: B81.1 pm
Uncertainty: +1.3 um, k=2
4 .
(6.4 x 10* PS microspheres/mL)
P o;/ia/zou

Jennifer [/iu, Scientist Il
Thermo Figher Scientific Particle Technology

Packaging Lot # 2218504 Expiration Date: FEB'23

Gliical Diagnestics 48500 Kato Road, Fremont, CA 94538 Jentific.comiparti

Particle Technokogy (510)579-5000  (510) $79-6002 fax ink microparticies@ihenmafisher com
Page 10of 2 CertD34.06
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Methods

Positive Controls

* To verify the sample processing efficiency and to quantify any particle loss, recovery
analysis using positive controls were performed.

* Six technical replicates of the positive controls were prepared by spiking about 100 PS
microspheres (80 um in diameter) in 1 L of DI water.

- observed average recovery was 73% with repeatability of <10% RSD.

* The good recovery rate and % RSD values provided assurance on the efficiency of the
sample preparation workflow.
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Results and Discussion

e Surface Water Results

» Average of 25 microplastic particles/L were detected in investigated surface water
* Treated Effluent Results

* Average of 22 microplastic particles/L were detected in investigated treated effluent
* Matrix Spike Recovery

* Recoveries of 80 um PS microspheres spiked in surface and treated effluent water samples were >73%

* Negative Control

* 0-5 microplastic particles/L, were detected in negative controls, from Milli Q water purification system

Microplastic distribution B Surface water T ey pome
B Treated effluent Abbreviation | Particle 2
10 10 Surface water | Treated effluent
9 9 ° EVA Ethylene Vinyl Acetate 29 49
g 8 PE Polyethylene (PE) 43 13
S 7 Polyethylene H H H
5 6 = PEC + PVC Chlorinated + 26-136 31-286 Microplastics types and counts in
5 5 Polyvinylchloride surface and treated effluent water
o 4 Polyethylene
£ 3 ? 3 PET Terephthalate (PET) 80 36 Samp/es.
3
z 3 . PMMA Polymethylmethacrylat 28
1 11 11 11 o 1 o e (PMMA)
0 | 1 | - - - - - . PP Polypropylene (PP) 30 - 549 63-110
EVA PE PEC + PVC PET PMMA PP PVA Rubber PVA Polyvinyl alcohol - 42 -65
Particle name Rubber Rubber 32-128 38

Particle size range

60 W Surface water
50 48 19 M Treated effluent water
40 8 30
® 30 . . _— . .
. 200 ¢ Particle size (um) distribution in surface
10 I . 4 5 and treated effluent water samples
0 —
<50 50-100 100-200

Particle size (um) range
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Conclusion

 The LDIR enabled the confident identification of PS beads even in complex water
matrices like surface and treated effluent.

Increased complexity in water
matrices, as illustrated in the
visuals of identified PS
microspheres.

A: DI water, B: surface water, C:
treated effluent

* The ability of the LDIR to discriminate between microplastics and non-microplastics
enables the simplification of the sample preparation steps to straightforward
vacuum filtration and resuspension.

e Overall, a promising sample preparation and analysis method for microplastics in
complex water matrices is being presented.
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