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Microwave Digestion and Trace Metals Analysis of Cannabis 
and Hemp Products
Samuel Heckle and Leanne Anderson,  CEM Corporation

In 1970, marijuana was designated a Schedule 1 drug, 

under the Controlled Substances Act, making it nearly 

impossible for laboratories to perform cannabis re-

search. However, medicinal use of cannabis is now le-

gal in Canada and 33 U.S. states. With the passage of 

the Farm Bill in 2018, it is now federally legal to grow 

and process hemp in all 50 states. All of this interest 

in medical cannabis and cannabidiol (CBD) has high-

lighted the need for good analysis methodology in 

this relatively young market. Cannabis analysis is still 

developing standardized protocols, requirements, and 

acceptable testing practices. Typical testing require-

ments for cannabis and its products include analysis 

of heavy metal, pesticide residues, and the potency of 

active ingredients such as tetrahydrocannabinol (THC). 

The terpene content of cannabis is also important. Ter-

penes have been shown to have benefi cial uses for 

treatment of conditions ranging from cancer and in-

fl ammation to anxiety and sleeplessness. It is believed 

that the combination of terpenes and cannabinoids in 

cannabis produce a synergistic effect with regards to 

medical benefi ts.

C
ertain heavy metals can cause adverse eff ects on human 

health. Toxic heavy metals such as arsenic, cadmium, lead, 

and mercury are persistent once released into the environment 

and can accumulate in cannabis plants. Since hemp is a strain 

of cannabis that contains very little THC, it is susceptible to 

bioaccumulation of heavy metals like its THC-containing relative.  

Cannabis-based products such as foods, oils, tinctures, and salves 

should be tested for the presence of heavy metals to ensure patient 

safety and product quality. Cannabis and CBD-infused products 

have grown in popularity in states that allow recreational use of 

cannabis and hemp. Th is application note details the digestion 

and analysis of various forms of hemp and cannabis products.

Instrumentation

A CEM MARS™ 6 microwave digestion system was used to digest the 

varied cannabis and hemp sample types. Th e MARSXpress™ Plus vessels 

with disposable glass inserts uses a vent and reseal design, which allows 

for acid vapors to be exhausted while maintaining the sample integrity 

and elements within the vessel. Th e 110-mL vessel volume provides for 

a larger headspace, allowing a larger sample size for a more homogenous 

sample. Th e MARSXpress Plus vessel design uses only three pieces that 

are easily assembled and placed in a 24-position turntable, prior to 

placing into the MARS 6 system. Th e glass insert provides an inexpensive 

disposable vessel that eliminates the need for vessel cleaning.

Procedure and Method

All samples required special preparation, based on the qualities of 

each sample, in order to obtain a homogenous 0.25 g approximate 

Table I: Preparation of hemp and cannabis samples

Sample Preparation

Peanut butter Placed on plastic spatula to deposit on bottom of vessel

CBD oils Deposited on bottom of vessel with plastic pipette

Fruit snack Cut in half with ceramic scissors

Topical cream Placed on plastic spatula to deposit on bottom of vessel

Granola bar Crushed 

Chocolate raisins Whole

Flower Torn into small pieces

Table II: ICP-OES conditions

Parameter Agilent 5110 ICP-OES

Plasma viewing mode Axial

Read time 30 s

Measurement replicates 3

RF incident power 1400 W

Plasma argon fl ow rate 12 L/min

Nebulizer argon fl ow rate 0.7 L/min

Auxiliary argon fl ow rate 1.0 L/min

Inner diameter of the torch injector 2.0 mm

Nebulizer type Concentric glass (Meinhard)

Spray chamber type Class cyclonic spray chamber

Stabilization time 25 s

Table III: Spike recoveries of cannabis samples

Sample As (%) Cd (%) Hg (%) Pb (%)

Topical cream 104.7 105.6 101.8 102.2

Fruit snack 105.0 106.1 99.7 91.0

Cannabis fl ower 106.8 102.0 95.6 102.5

CBD oil 4.5k 101.5 101.3 92.3 102.6

CBD oil 6k 100.9 100.4 91.9 101.8

http://www.cem.com
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sample weight. It is important to carefully deposit the oil, cream, 

and peanut butter, in order to not get the sample stuck to the sides 

of the vessel. For peanut butter and cream, a long plastic spatula 

was used to deposit the sample on the bottom of the liner. For 

the oil, the sample was deposited to the bottom of the vessel with 

a plastic pipette. Th en, the inside of the liner was washed down 

with the acid to make sure all the sample got to the bottom. Table 

I shows the seven samples that were digested and the preparation 

method used, prior to placing them into the vessels.

Ten mL of HNO3 was added to each vessel and then allowed 

to predigest for 15 min prior to sealing and placing the vessel 

in the turntable. Th e turntable was then placed in the MARS 6 

and the Glass Cannabis One Touch™ Method was chosen on the 

touchscreen. Th e MARS 6 then counted the number of vessels 

and applied the precise power required to achieve the optimal 

digestion temperature of 200 °C. Th is temperature ensured the 

complete digestion of the samples, prior to analysis.

Samples were prepared in two batches. One batch was spiked 

with a spike solution containing between 0.4 and 1 ppm As, Hg, 

Cd, and Pb. Th e second batch was left unspiked. All samples were 

run in triplicate with blanks in each run. Upon successful digestion 

all samples were diluted to 50 mL with deionized water for analysis.

All samples were analyzed on an Agilent 5110 ICP-OES to 

determine spike recoveries and actual sample content of the “big 

four” heavy metals of As, Cd, Hg, and Pb. Instrument conditions 

are detailed in Table II.

Results and Discussion

Th e MARS 6, with MARSXpress Plus vessels with disposable 

glass inserts, was able to successfully digest all samples in a mixed 

batch. All of the samples were completely digested, yielding clear 

and particulate-free solutions upon dilution with deionized water. 

Th e MARS 6 is an ideal digestion system for the cannabis industry 

because it is able to successfully digest batches of mixed materials, 

including foods, oils, tinctures, creams, and plant materials, in as 

little as 35 min.

After confi rmation of the method through a spike recovery 

study, unspiked samples were analyzed for their total trace metals 

content using the same technique. Table IV shows the trace metals 

content of unspiked samples. Table V contains the California 

action levels for medical cannabis samples. It is worth noting that 

all of the unspiked samples contained far less than the maximum 

allowable limit for each element.

Conclusions

Th e MARS 6 with MARSXpress Plus vessels with disposable glass 

inserts was able to digest a wide variety of cannabis and hemp 

samples in mixed batches producing digestate that was suitable for 

analysis. Analysis of all samples showed excellent spike recovery 

and gave great confi dence in the actual levels of trace metals in 

the unspiked samples.

CEM Corporation
P.O. Box 200, Matthews, NC 28106

tel. (704) 821-7015, fax (800) 726-3331

Website: www.cem.com

Table IV: Elemental content of samples

Sample As (μg/g) Cd (μg/g) Hg (μg/g) Pb (μg/g)

Topical cream 0.0003 0 0.0013 0.0003

Fruit snack 0.0050 0 0.0007 0.0003

Cannabis fl ower 0.0033 0.0020 0.0007 0.0003

CBD oil 4.5k 0.0007 0 0 0.0007

CBD oil 6k 0.0013 0 0.0003 0.0003

Table V: Medical action levels for the state of California

Medical Action Levels* As (μg/g) Cd (μg/g) Hg (μg/g) Pb (μg/g)

Edible cannabis products 1.5 0.5 3.0 0.5

Inhaled cannabis products 0.2 0.2 0.1 0.5

Topical products 3.0 5.0 1.0 10.0

http://www.cem.com
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High Voltage Accuracy and Precision 
on Small Compact X-ray Sources
Sterling Cornaby,  Moxtek

Moxi™ X-ray source is calibrated to within ±250 V 

over all settings between 5 to 50 kV. This impressive 

accuracy and precision is achieved spectroscopically, 

by measuring an X-ray spectrum’s bremsstrahlung 

edge and storing correction high voltage offset infor-

mation on each source.

O
ne optimization desired by manufactures of X-ray fl uorescent 

(XRF) instruments is X-ray sources that are spectroscopically 

identical. A spectroscopically identical X-ray source allows one to 

switch out an X-ray source in an instrument with no other changes to 

the instrument, for example, with minimal or no recalibration of the 

instrument. Th is benefi t is desired by handheld XRF manufacturers, 

which reduces XRF calibration eff ort and service time for XRF 

instruments. Each Moxi™ X-ray source is calibrated to within ±250 

V over all settings between 5 to 50 kV. Th is voltage accuracy is tight 

enough to allow for XRF equivalence for several XRF applications.

Experimental Conditions

In order to calibrate an X-ray source, two basic requirements are needed:

•  A meaningful and accurate way to measure the high voltage.

•  A way to store the high-voltage calibration information on 

    each X-ray source, off setting source-to-source diff erences due

    to variance in the source’s electrical components.

Th e X-ray source’s high voltage is measured by collecting an X-ray 

spectrum from the tube’s anode. Th e source is pointed directly at an 

energy-dispersive detector, with a pinhole in-between to limit the 

intensity from the X-ray source. Th e spectrum’s bremsstrahlung edge is 

fi t with a proprietary algorithm, giving the value of the bremsstrahlung 

edge in keV. Th is measurement provides the “spectroscopic” voltage 

in keV, while the electronic monitors on the X-ray source give an 

electronically measured voltage in kV. Th e diff erence between the two 

gives a correction factor, which can be used to tighten the accuracy 

and precision between these two values. Th is test is repeated over 

several tube voltage settings between 5 and 50 kV.

Th e variance in the electronic components in aggregate is 

the major driving factor for the high-voltage inaccuracy of 

any particular X-ray source. Th e electronic components have a 

partially nonlinear relationship with high voltage. Th e Moxi™ 

X-ray source has an onboard memory which can hold a correction 

factor to correct for the nonlinear relationship.

Results

Comparing Figures 1 and 2 shows the accuracy and precision of 

the high voltage on the X-ray sources is drastically increased by 

the high-voltage calibrating procedure. Th ese graphs are inten-

tionally at the same scale to easily show the improvements. 

Conclusions

Moxi™ X-ray sources are an “XRF equivalent” X-ray source for 

XRF instrument manufacturers. Th e key aspect for achieving this 

source’s spectral equivalence is the high-voltage calibration of the 

source. Each digital X-ray source is calibrated to within ±250 V over 

all settings between 4 to 50 kV. Th e high accuracy and precision is 

achieved spectroscopically by measuring the bremsstrahlung edge and 

storing high-voltage off set information on each source. Th is benefi t 

is very much desired by handheld XRF manufacturers and reduces 

XRF calibration eff ort and service time for XRF instruments. Th is 

quantifi cation has practical backing; it is working as intended in next-

generation XRF handheld instruments sold today.

Moxtek, Inc.
452 West 1260 North, Orem, UT 84057

tel. (801) 225-0930, fax (801) 221-1121

Website: www.moxtek.com

Figure 1: This graphic shows the offset between the tube’s 
set voltage and bremsstrahlung edge over seven setting’s 
precalibration, on over 100 separate X-ray sources. Precalibration, 
the high voltage is typically offset by 800 V, and can vary by up 
to ±1000 V (@35 kV).

Figure 2: This graphic shows the offset between the tube’s 
set voltage and bremsstrahlung edge over seven settings post-
calibration, on over 100 separate x-ray sources. Post-calibration, 
the high voltage is typically offset by 100 V, and can vary by up 
to ±250 V (@35 kV).

MOXTEK
®

http://www.moxtek.com
http://www.moxtek.com
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Analysis of Organic Chlorides in 
Crude by ASTM D4929 PART C
 Applied Rigaku Technologies, Inc.

The analysis of organic chloride in crude is demonstrated 

per ASTM D4929 Part C using Monochromatic EDXRF 

(MEDXRF).

C
hlorides in crude contribute to corrosion in the piping at 

refi neries during cracking as well as mid-stream in pipelines. 

Organic chlorides do not naturally occur in crude, however inorganic 

chlorides in the form of salts as well as residual organic chlorides from 

various natural sources as well as adulteration can contaminate crude. 

Contracts at the pipelines may contain clauses limiting the amount 

of organic chloride allowed in the crude. And at the refi nery after 

desalting and desulfurization, crude needs to be analyzed for any 

residual organic chlorides possibly still entrained in the feedstock to 

avoid potential damage during the refi ning process.

Experimental Conditions

Instrumentation

Type:  Monochromatic EDXRF (MEDXRF) 

  90º Cartesian Geometry Polarization 

Model:  Rigaku NEX CG 

X-ray tube:  50 W Pd-anode 

Detector:  Silicon drift detector (SDD) 

Sample tray:  15-position Autosampler 

Film:   Polypropylene (4 um) 

Analysis Time:  300 s 

Environment:  Helium

Sample Preparation

ASTM D4929 is designed for the measurement of residual organic 

chlorides in crude. Th e crude sample is fi rst prepared by distillation 

and wash to remove H2S and inorganic chlorides. After distillation 

and wash processes the resulting naphtha fraction is analyzed for Cl 

content by XRF using Part C methodology. Th e naphtha fraction is 

typically stable containing less than 1000 mg/g S. XRF calibration is 

made using mineral oil calibration standards, as mineral oil models 

naphtha for X-ray response.

To prepare a sample for XRF analysis simply place 4.0 g of the 

naphtha sample in a standard 32-mm XRF sample cup and measure 

directly.

ASTM D4929 Calibration: Part C XRF

Empirical calibration was made using commercially available 

mineral oil standards. For optimum calibration, the standards 

contain both S and Cl, with S content ranging from 100 to 1000 

mg/kg (Table I). Alpha corrections are automatically employed to 

compensate for sulfur’s eff ect on chlorine X-rays. 

Precision and Repeatability

To demonstrate recovery, precision, and repeatability of the 

measurement, a few calibration standards were selected with 

results shown in Table II.

Detection Limits

Th e empirical method is used to determine detection limits using 300 

s measurement time. Ten repeat analyses of a blank mineral sample are 

taken with the sample in static position and the standard deviation (σ) 

is determined. Th e lower limit of detection (LLD) is then defi ned as 

three times the standard deviation (3 σ) as in Table III.

Conclusions

Th e performance shown here demonstrates NEX CG provides 

excellent sensitivity and performance for the measurement of 

chromium conversion coatings on aluminum.

Applied Rigaku Technologies, Inc.
9825 Spectrum Drive, Bldg. 4, Suite 475, Austin, TX 78717

tel. (+1) 512-225-1796

Website: www.RigakuEDXRF.com

Table I: D4929 Part C XRF Calibration

Element: Cl

Units: mg/kg

RMS: 0.212

Correlation: 0.99999

Sample ID Standard Value Calculated Value

1 0.0 0.0

2 2.0 2.0

3 5.0 5.3

4 10.0 9.8

5 25.0 25.3

6 50.0 49.8

7 75.0 74.9

8 100.0 100.1

Table II: Precision and Repeatability

Element: Cl                                        Units: mg/kg

Sample 

ID

Standard 

Value

Average  

Value

Standard Deviation 

(1σ)

Instrument 

r

D4929-17 Part C 

MEDXRF r

2 2.0 1.86 0.09 0.25 0.8

3 5.0 4.97 0.09 0.25 1.2

4 10.0 10.1 0.1 0.28 1.6

8 100 99.3 1.1 3.1 4.5

Table III: Detection Limits

Element LLD

Cl 0.18 mg/kg

Lower Limit of Detection (LLD)

http://www.RigakuEDXRF.com
http://www.RigakuEDXRF.com
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T
ribology—the study of friction, wear, and lubrication—is 

important in mechanical, electromechanical, and biological 

systems. Changes in materials due to abrasion, friction, lubrication, 

erosion, and corrosion result in failures of the moving components 

during use. Th ese eff ects are usually minimized by careful surface 

fi nish design and lubrication. Recycling and refi nishing surfaces can 

extend the lifetimes of components. By examining worn surfaces, 

better methods can be developed to prevent wear. Th is applications 

note uses infrared spectroscopy to study tribology changes in steel.

Experimental

Th e sample investigated was 28 mm in diameter by 8 mm thick 

with a carbon-based coating. Th e sample was lubricated, tested, 

and then cleaned with n-heptane, leaving chemisorbed species in 

the wear scratches on the surface.

 Th e spectra of the disc were measured on an FT-IR spectrom-

eter equipped with the Harrick VideoMVP™ (see Figure 1). Th e 

background spectrum was collected from the clean ATR crystal. 

Th en the sample was placed, face down, on the diamond crystal 

and positioned over the area of interest using the image on the 

display.  Th e pressure applicator was lowered to apply ~240 N of 

force to compress the sample against the crystal. Th e spectrum 

and image were then recorded. All spectra were collected from 

4000 to 400 cm-1 using 32 scans at 8 cm-1 resolution. 

Results and Discussion

Figure 2 shows spectra measured from a section with wear 

scratches in comparison to a shiny smooth section, along with 

photographs of the areas of each sample that were examined. Th e 

infrared spectrum of the wear scratches show a weak broad band 

in the –OH stretching region and additional bands at 1450 cm-1, 

1165 cm-1, 943 cm-1, and 605 cm-1, all of which are not present 

in the unworn section. Th is indicates that a residue from the 

lubricant or chemisorbed species remains in the worn area. More 

detailed analysis could be used to identify the chemisorbed species. 

Conclusion

Th e results presented here clearly show that diamond ATR can be 

used to examine tribology materials. Th e viewing capabilities and 

small sampling area of the VideoMVP allow for inspection of the 

wear scratches in comparison to the unworn areas.

A Diamond ATR Study of Worn Surfaces on Metal
Susan Berets,  Harrick Scientifi c Products, Inc.

Harrick Scientifi c Products, Inc.
141 Tompkins Ave., Pleasantville, NY 10571

tel. (914) 747-7202, fax (914) 747-7409

Website: www.harricksci.com
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 Figure 1: The VideoMVP™ Diamond ATR.

Figure 2: ATR spectra and photographs of an unworn area (red) 
and a worn area (blue) of a fl at metal part.

http://www.harricksci.com
http://www.harricksci.com
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Trace-Level Pesticide Detection Utilizing 
Surface-Enhanced Raman Spectroscopy (SERS)
Anne-Marie Dowgiallo,  Ocean Insight

Several pesticides were detected at parts-per-million 

levels on apple skin using a unique swabbing method 

and surface-enhanced Raman spectroscopy (SERS).

C
ommonly used pesticides, such as organothiophosphates and 

fungicides, can attack the central nervous system, posing a 

risk to humans and other animals upon exposure (1). SERS has 

been investigated as a technique to detect trace levels of pesticides 

on food items, and off ers reduced instrument size, fast measure-

ment times, non-destructive sampling, and simple implementa-

tion compared to the traditionally used methods, such as HPLC 

and GC–MS (2). In this study, we utilize a swabbing technique 

that has the potential to be a testing platform for fi eld use to de-

tect trace levels of pesticides on apple skin.

Experimental Conditions 

Pesticide-containing apple skin pieces are swabbed and added to 

colloidal gold nanoparticles. Th e mixtures are interrogated with 

785 nm excitation laser with 3 s integration time and 350 mW 

laser power, and the Ocean Insight QE Pro spectrometer.

Results

Th e pesticides examined in this study were thiram, malathion, 

acetamiprid, and phosmet. Th e SERS spectra of each pesticide 

after being applied to apple skin and swabbed are presented in 

Figure 1. Th e observed peaks are consistent with reports in the 

literature.

Conclusions

We present a swabbing technique that has the potential to be a 

testing platform for fi eld use and utilizes colloidal gold to detect 

trace levels of several pesticides on apple skin. Th is technique can 

detect each pesticide down to 1 ppm, where the pesticide residue 

tolerances on apples are 5 ppm, 8 ppm, 1 ppm, and 10 ppm 

for thiram, malathion, acetamiprid, and phosmet, respectively 

(3). Th e results presented here indicate that SERS coupled with 

the swab method is a valuable tool, and has signifi cant potential 

for identifying pesticide residues on the surface of fruits for food 

quality and safety control.

References

 (1) M. Stoytcheva, InTech, 30–48 (2011). doi: 10.5772/1003.

 (2) M.L. Xu, Y. Gao, X.X. Han, and B. Zhao, J. Agric. Food Chem. 65, 

6719–6726 (2017). 

 (3) Office of the Federal Register, Electronic Code of Federal Regulations, 

2018, https://www.ecfr.gov (8 January 2019).

Ocean Insight
8060 Bryan Dairy Road, Largo, FL 33777

tel. +1 (727) 733-2447

Website: www.oceaninsight.com

 Figure 1: SERS spectra of swabs of 1 ppm (a) malathion, (b) 
acetamiprid, (c) phosmet, and (d) thiram on apple skin.

https://www.ecfr.gov
http://www.oceaninsight.com
http://www.oceaninsight.com
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Observation of Methanol in Ethanol Using Automated ATR 
Spectroscopy
Kyle J. Czech and Jenni Briggs, Ph.D,  PIKE Technologies

Mixtures of methanol in ethanol were investigated 

using an automated ATR accessory. The spectral bands 

of methanol and ethanol were evaluated showing 

the expected absorbance changes. 

Q
uantitation of contaminants and toxins within human-

consumable products is a critically important aspect of ensuring 

consumer safety. Methanol contamination of consumable alcoholic 

beverages is particularly concerning due to the acute toxicity of 

methanol, with 4 mL of ingested methanol leading to irreversible 

vision loss and 30 mL of methanol potentially resulting in death 

(1). Recently, headlines discussing deaths and injuries linked to 

methanol contamination of commercially available liquors at popular 

resorts have emphasized the importance of methanol screening and 

quantitation methodologies.

Here, we use PIKE Technologies’ automated ATR accessory, the 

AutoATR, to observe the spectral changes over various concentrations 

of methanol in ethanol (Figure 1). Th e AutoATR uses 24 unique 

Si ATR elements, which have a thickness of 500 microns. Th e thin 

profi le of the ATR crystal minimizes absorption of the IR source by 

the Si phonon bands which, in combination with the accessory’s base 

optics, results in high energy throughput and reproducibility.

Sampling automation is made possible by the AutoPRO7 software 

package. AutoPRO7 streamlines the collection of all background 

and sample spectra, reducing the required user involvement to the 

distribution of samples after the background spectra acquisition has 

completed.

Experimental Details

A series of fi ve concentrations of methanol in ethanol were investigated, 

including 0, 10, 20, 30, and 40% v/v methanol in ethanol. Each   

mixture was created using an Eppendorf micropipette and high-

purity methanol and ethanol. After each mixture was created, a clean 

micropipette tip was used to distribute 120 μL of each solution into 

the AutoATR well plates after the background spectra acquisition was 

completed.

Results

Th e ATR spectrum of each methanol/ethanol sample is shown in 

Figure 2. Th e dominant spectral bands of ethanol correspond to the 

1087 and 1046 cm-1, while methanol exhibits a characteristic spectral 

band at 1033 cm-1. Th e complementary change in concentration of 

the two species is highlighted by the isosbestic point at 1036 cm-1 of 

the ATR spectra.

Conclusions

Quantitation of contaminants and toxins such as methanol is critically 

important to ensuring the well-being of consumers. In order to 

streamline these measurements, automated technologies such as the 

AutoATR provide a uniquely accurate and high-throughput approach 

to ATR-based chemical identifi cation. Th e AutoATR has proven 

capable of spectrally distinguishing methanol from ethanol and is 

well-suited for quantifying individual species in mixed solutions.

References

 (1) A. Dasgupta and A. Wahed, Clinical Chemistry, Immunology and Laboratory 

Quality Control (Elsevier, San Diego, California, 2014), pp. 317–335.

PIKE Technologies, Inc.
6125 Cottonwood Drive, Madison, WI 53719

tel. (608) 274-2721, fax (608) 274-0103

Website: www.piketech.comFigure 1: PIKE AutoATR automated ATR accessory.

Figure 2: ATR spectra of each % v/v methanol in ethanol, collected 
with the AutoATR.

http://www.piketech.com
http://www.piketech.com
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Microparticles in Focus
Miriam Böhmler, Damon Strom, and Eleni Kallis,  WITec GmbH

High-resolution measurements of particles are of great 

interest in many fi elds of application. With ParticleScout, 

WITec has developed a tool that makes it possible to 

fi nd, classify, and identify particles automatically.

W
e encounter microparticles in many everyday products and in 

the environment. Th e analysis of fragments between 0.1 μm 

and 1 mm is challenging. Large areas have to be scanned, and even 

the most miniscule components must be recognized. Th e particles 

of interest need to be determined, classifi ed according to selected 

properties such as shape or size, and fi nally their chemical composition 

has to be identifi ed. Th e easiest and quickest way to perform this task 

is to use an automated and standarized microscopic inspection and 

chemical analysis. WITec ParticleScout, an advanced microparticle 

analysis tool, in combination with Raman microscopy, now off ers this 

capability.

Experimental conditions

Two experiments were carried out with ParticleScout coupled to 

an alpha300 R confocal Raman microscope. Raman spectra were 

analyzed with the TrueMatch Raman database management system 

(all WITec). Th e excitation wavelength was 532 nm.

Sludge from a wastewater treatment plant was analyzed for the 

presence of microplastic particles (sample courtesy of Dieter Fischer, 

Leibniz Institute of Polymer Research, Dresden, Germany). Fifty 

grams of the sludge was pretreated and purifi ed, then fi ltered in a two-

stage process through silicon fi lters with 50- and 10-μm pore sizes, 

respectively. Raman spectra of a subset of found particles were acquired. 

In a second experiment tungsten disulfi de (WS2) nanoparticles 

several micrometers long and a few hundred nanometers thick were 

examined (sample courtesy of Reshef Tenne, Weizmann Institute, 

Israel, provided through the Institute of Physical Engineering at Brno 

University of Technology [CEITEC], Czech Republic). Fragments 

shorter than 5 μm were located, then nanowires were classifi ed by 

their aspect ratio, which was greater than 2.5.

Results

Microparticles were sucessfully discovered and classifi ed using 

confocal white-light microscopy with the ParticleScout software. In 

the sludge sample, Raman spectra were acquired from 18,000 of the 

tens of thousands of microparticles that could be seen in the dark-

fi eld microscopic image (Figure 1). Forty six were plastic fragments: 

Polyethylene (25 pieces) and polypropylene (12 pieces) were the most 

abundant types of microplastic. Th eir sizes varied from 5 to more than 

50 μm (circular equivalent diameter). Additionally, many diff erent 

pigments and titanium dioxide particles were found.

In the WS2 sample 3,135 nanoparticles were detected and imaged 

(Figure 2). From these, 218 were classifi ed as nanowires according 

to their aspect ratios. Th e Raman peak at 420 relative wavenumbers 

(cm-1) indicates the orientation of the nanowires with respect to the 

polarization of the laser light.

Conclusions

Using a confocal Raman microscope equipped with ParticleScout, 

large numbers of particles were easily located and classifi ed into 

categories, as demonstrated using two samples from the fi elds of 

microplastic pollution and materials science. Raman spectra were 

measured automatically for all particles of interest. Th e seamlessly 

integrated TrueMatch database management software enabled quick 

identifi cation of the particles. Reports summarize the results and 

describe the materials in terms of physical properties.

WITec GmbH
Lise-Meitner-Str. 6, 89081 Ulm (Germany) 

tel +49 (0)731 140700

Website: www.witec.de

 Figure 1: A 10 × 10 mm2 dark-fi eld overview of a fi lter with 
microparticles from sludge was stitched together from 1089 images 
(left). From the selected area (right), Raman spectra were acquired 
from 18,000 fragments. The particles were automatically located 
and measured using the ParticleScout software.

Figure 2: Under the microscope, WS2 nanoparticles were imaged 
automatically with ParticleScout. A subset of 3135 detected 
fragments is shown (A). Of these, 218 granules had an aspect ratio of 
greater than 2.5 and were therefore classifi ed as nanowires (B). (C) 
shows Raman spectra for two nanowires with different orientations. 
The intensity at 420 relative wavenumbers depends on the angle 
between the nanowire and the polarization of the laser.
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