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Abstract: The purpose of this study was to develop monodispersed polystyrene particles as certified reference materials in

accordance with the ISO 17034: 2016 and the ISO Guide 35. It can play a significant role especially during the COVID-19

pandemic since several covering items such as filtering facepiece respirators or medical masks must be investigated for the

quality of operation by various sizes of polystyrene. The polystyrene particles were prepared in-house by National

Nanotechnology Center (NANOTEC) using polymerization of styrene. Each batch was preliminary check for distribution,

aggregation and averaged size by using dynamic light scattering. Then polystyrene particles were prepared to 1% solid

suspension in deionized water for homogeneity testing, stability assessment and characterization using transmission

electron microscope with ImageJ software. The 100 nm polystyrene as an example has been successfully synthesized

fulfilled the criteria of size deviation from nominal value less than ± 10 nm and polydispersity index less than 0.05. Then,

the particle size of polystyrene was statistically analyzed for screening test with the results of the coefficient of variation

less than 10%. Stability assessment consisting of short-term stability testing with three different temperatures and long-

term stability testing within 6 months observed was carried out. The results of short-term and long-term stability were

presented within the maximum acceptable. The homogeneity tests for within bottle standard deviation and between bottle

standard deviation were performed with randomly sampling. The results of homogeneity tests satisfied the criteria and

therefore assigned the value as the certify value. Consequently, the certify value of 105.5 ± 4.6 nm of monodispersed

polystyrene particles has been successfully developed as Thailand reference materials which were similar level of quality

and accuracy to the standard commercial products.
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1. Introduction

Certified reference material (CRM) is a reference material

accompanied by a certificate, one or more of whose

property values are certified by a procedure which estab-

lishes traceability to an accurate realization to the unit in

which the property values are expressed, and for which

each certified value is accompanied by an uncertainty at a

stated level of confidence [1]. CRM is generally prepared

in batches for which the property values are determined

within the stated uncertainty limits by measurements on

sample representative for the whole batch.

CRMs are widely used for calibration of an apparatus,

method validation, assessment of method and instrument

performance, establishing traceability or the measurement

results, and determining the uncertainty of these results

[2–6]. They are the most appropriate choice for quality

control activities. Information obtained from their use

would be the most extensive and reliable. Particularly

important are the instructions for the use of the CRM as

stated in the certificate. The certified values do only apply

if the material is strictly used according to these instruc-

tions. The user needs to follow closely to the recommen-

dations given for storage of the material, eventual drying
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procedures, and observe the indicated shelf life of an RM.

It is not justified to assume the validity of the reference

values beyond the expiry date of a given material.

Due to COVID-19 pandemic, filtering facepiece respi-

rators, medical masks, and other face coverings are rec-

ommended as a simple barrier to help prevent respiratory

droplets from traveling into the air and onto other people

[7]. The respiratory droplets play role in the spread of the

virus that causes COVID-19. Evidence from clinical and

laboratory studies shows that masks reduce the spray of

droplets when worn over the nose and mouth. COVID-19

spreads mainly among people who are in close contact with

one another (within about 6 feet), so the use of masks is

particularly important in settings where people are close to

each other or where social distancing is difficult to main-

tain. Prior to the COVID-19 pandemic, similar medical

masks were also widely used in public for the same pur-

pose against PM2.5.

The efficacy of such face coverings depends mostly on

the filtration media and the seal with the wearer’s face.

While leakage must be assessed on an individual-by-indi-

vidual basis, filtration efficiency can be measured using

well-defined, universal test methods. Particulate filtration

efficiency (PFE) of such covering item was measured using

various size of polystyrene latex (PSL) particles as per

many guidance document [8–10].

During the COVID-19 pandemic, barrier face coverings

are in high demand and hence resulting in growth of face

coverings manufacture worldwide including Thailand.

Mask manufacturers in Thailand have increased from ten to

hundreds within a year. As a result, the consumption level

of PSL particles by the testing and calibration laboratories

is increased dramatically. Not only that testing and cali-

bration laboratories are continually requested to provide

evidence in order to ensure quality of their operations. This

is mandatory in cases where legislative limits are involved,

e.g., in international trade, food and environmental analy-

sis, clinical chemistry, etc. The best and easiest way for

laboratories to formally demonstrate their quality is to

adhere to an appropriate international quality standard and

obtain formal accreditation/certification. However, basic

quality requirements do not differ significantly. Due to a

wide range of activities to which it can be applied and due

to the well-established quality assessment structure, the

ISO/IEC 17025 is commonly selected as a standard of

choice whenever quality assurance in laboratory is to be

demonstrated. The objectives are not only to reduce the

operation cost but also promote the country’s in-house

facility.

PSL particles are typically synthesized by dispersion or

emulsion polymerizations [11–13]. The synthesis method

had been optimized in order to comply with specification as

the TRM. The preparation of CRM is in accordance with

the ISO 17034: 2016 [14] and the ISO Guide 35 [15].

For the characterization and certification, National

Institute of Metrology Thailand (NIMT) has defined a

protocol for developing PS TRM following

ISO17034:2016 General requirements for the competence

of reference material producers [14].

2. Experimental

Monodispersed PSL particles were prepared in-house by

NANOTEC using polymerization technique based on the

literatures [16, 17]. The suspension was diluted to con-

centration of 1% solid by deionized water (resistivity of

18.2 MX). The pH of the suspension was measured to be 9.

The recipe is trade secret which is an intellectual property

right on confidential information.

The PSL particles were statistically analyzed following

the protocol based on ISO 17034: 2016 and the ISO Guide

35. General steps include:

• Synthesis of material

• Sample preparation (including homogenization, stabi-

lization, bottling etc.)

• Homogeneity testing

• Stability assessment

• Value assignment (characterization)

Each batch was preliminary check for distribution,

aggregation and averaged size by using dynamic light

scattering (DLS), Zetasizer Nanoseries, NANO-ZS S4700

(Malvern Panalytical, UK). PSL particle suspension will

further diluted at 1:100 and 1:500 by volume using

deionized water. Batch that has size deviation from nom-

inal value less than ± 10 nm, aggregation nor agglomer-

ation free and polydispersity index (PDI) less than 0.05 will

be further investigated. Otherwise, formula will be adjusted

till properties meet criteria. Particle size analysis using

DLS is conducted based on ISO 22412:2017 [18]. Mea-

surement traceability to SI unit is established through the

use of NIST CRM gold nanoparticle (RM 8012). Expanded

Table 1 Screening test results of PSL by using DLS

No. Dilution 1:100 by volume Dilution 1:500 by volume

Diameter (nm) PDI Diameter (nm) PDI

#1 107.80 0.015 109.30 0.006

#2 108.10 0.011 108.00 0.008

#3 108.20 0.011 109.10 0.021

#4 108.30 0.006 108.20 0.010

#5 108.30 0.010 109.00 0.014

Average 108.14 – 108.72 –
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uncertainty for measurement using DLS is evaluated to be

at ± 3 nm.

For further investigation, morphology and diameter of

the polystyrene particles will be observed by JEOL (JEM-

2100 Electron Microscope, USA) transmission electron

microscope (TEM). The PSL particle suspension was

dropped on to the copper grid and dried at room temper-

ature. The electron micrographs were taken at the same

magnification throughout the analysis. The particles sizes

were measured from the electron micrographs using Ima-

geJ software (National Institutes of Health, USA). Mea-

surements of particle size and shape distributions by TEM

is based on ISO 21363: 2020 [19]. Calibration and mea-

surement uncertainty estimation of all measuring instru-

ment used were conducted in accordance with the final

report of APMP.L-S5 [20]. Magnification accuracy of

TEM is ensured by using silicon crystal, {d220} lattice

plane. Expanded uncertainty for measurement using TEM

is evaluated to be at ± 1 nm.

3. Results and Discussion

PSL particles were synthesized by polymerization of styr-

ene. Size of particles was controlled by temperature, con-

centration and time. Product from each recipe was

preliminary checked for distribution, aggregation and

average size using DLS technique because it is a simple

and fast measurement technique. The criteria are size

Fig. 1 Polydispersity of the

PSL particles from DLS

technique

Fig. 2 TEM micrographs of the PSL particles

Table 2 Screening test result of PSL by using TEM

Sample vial Mean diameter (nm) rn-1 (nm) CV (%)

1 107.40 0.31 0.29

2 106.84 1.03 0.97

3 106.97 0.21 0.20

Average 107.07 0.29 0.27

Table 3 Short-term stability test results of PSL by using TEM

Temperature (�C) Mean diameter (nm) rn-1 (nm) CV (%)

4 104.41 0.14 0.14

25 103.85 0.36 0.34

40 104.45 0.20 0.20

Average 104.24 0.34 0.32
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deviation from nominal value less than ± 10 nm and PDI

less than 0.05. Table 1 and Fig. 1 demonstrate DLS

measurement result of 100 nm PSL suspension from 5

reproduced batches.

After passing preliminary checking, PSL particles were

prepared to 1% solid suspension in deionized water.

Homogeneity testing, stability assessment and characteri-

zation were conducted using TEM. Uncertainty of TEM

measurement was evaluated according to JCGM 100:2008

[21]. The combined standard uncertainty of TEM mea-

surement is 0.43 nm. This accuracy level is suitable for

characterization and certification of reference material for

nanoscale measurement.

Figure 2 illustrates TEM images of the 100 nm PSL

particles at magnification 30 k. The measurement result

was analyzed according to ISO 21363:2020 [19]. Since

TEM measurement and data analysis require a lot of man-

hour of machine and operator, screening test is additionally

included in the statistically analysis.

A portion of sample was taken from the prepared PSL

particle suspension and divided into 3 vials. Then each vial

was sampled 3 times. TEM images were then taken where

each image shall contain at least 10 PSL particles. Particle

size of 100 particles from each sampling was measured

using ImageJ software. The criterion is the coefficient of

variation (CV) of the particle size and shall be less than

3%. Table 2 presents statistically analysis result from 100

particles 9 3 sampling 9 3 vials where CV is well below

3%.

When the sample has passed the screening test, homo-

geneity testing and stability assessment were proceeded.

The PSL candidate was bottled to 50 portions, 10 mL in

volume each. Eleven bottles and 9 bottles were randomly

sampling for homogeneity testing and stability testing,

Table 4 Long-term stability test results of PSL by using TEM

Month Mean diameter (nm)

#1 #2 #3

1 104.26 104.54 104.43

2 104.84 104.51 104.82

3 103.68 104.66 104.13

4 104.82 103.98 104.14

5 103.90 104.71 103.98

6 103.79 104.67 103.25

Variation (nm) 1.16 0.73 1.57

Variation (%) 1.1 0.7 1.5

Table 5 Homogeneity test results of PSL by using TEM

No. Mean diameter (nm) rn-1 (nm)

1 104.85 0.39

2 105.70 0.19

3 105.59 0.25

4 105.40 0.13

5 105.41 0.28

6 105.36 0.25

7 105.47 0.22

8 105.58 0.06

9 105.45 0.17

10 105.45 0.12

11 105.96 0.59

Average 105.47 0.27

Fig. 3 Histogram of the PSL

particle size from TEM

technique
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respectively. Stability assessment consists of short-term

stability testing and long-term stability testing. For short-

term stability testing, 9 bottles were stored at temperature

controlled at 4 �C, 25 �C and 40 �C (3 bottles at each

temperature) for a month. Then measurement was all car-

ried out under repeatability condition. Number of replicates

per unit is three. The maximum acceptable short-term

stability is 0.5%. Table 3 illustrates the short-term stability

test result of 100 nm PSL candidate.

Long-term stability was observed for 6 months. The

candidate was kept at 25 �C, and measurements were

performed using TEM every month. Number of replicates

per unit is three. The maximum acceptable short-term

stability is 1.5%. Table 4 illustrates the long-term stability

test result of 100 nm PSL candidate.

Homogeneity test results are summarized in Table 5,

and size distribution of the PSL candidate is demonstrated

in Fig. 3. TEM images of 100 particles 9 3 replicates from

11 randomly sampling bottles were taken at 200 kV with

magnification of 30 k. Analysis of variance (ANOVA) was

used as an analysis tool to determine within bottle standard

deviation and between bottle standard deviation. Since

homogeneity is one of the uncertainty components that

plays a crucial role to the accuracy of the certified value of

PSL reference material, criterion of homogeneity not

exceeding 2% is set.

The certified value was calculated from measurement

result in Table 5. Measurement uncertainty was evaluated

according to JCGM 100:2008. The 100 nm monodispersed

PSL TRM was successfully certified as 105.5 ± 4.6 nm.

Follow up testing was done by using such TRM to calibrate

Zetasizer Ultra, model Ultra, manufactured by Malvern.

Another exercise was done by utilizing our PSL TRM for

mask testing facility. Upon comparison with the commer-

cially available PSL, our PSL TRM has similar quality and

level of accuracy.

It should be noted that PSL particles of size range from

100 nm to 2.5 lm are under development and assessment

to be TRM.

4. Conclusion

In this paper, the 100 nm monodispersed PSL particles

were prepared by polymerization technique. The statistical

analysis according to ISO 17034:2016 and ISO Guide 35

applied to PSL particles. TEM was used to determine size,

homogeneity, stability and characterization, and the

uncertainty of measurement was evaluated according to

JCGM 100:2008. The results showed that the 100 nm PSL

had an excellent result in all short-term stability, long-term

stability, and homogeneity tests. The 100 nm monodis-

persed PSL TRM was certified as 105.5 ± 4.6 nm, which

was equivalent quality to the standard commercial CRM

products.
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