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Graphical abstract

Comparison of DiSCmini data to reference data for polydisperse test aerosols in terms of
diameter, number concentration and alv-LDSA
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Environmental impact statement

This paper deals with the performance characterization of a standalone real-time handheld instrument,
the DiSCmini, which provides the number concentration (10°..10° cm™) and average diameter (20..300
nm) of airborne nanoparticles (particle size below 700 nm as selected by an inlet separator). This
device can be used as well for assessing workplace atmospheres (occupational exposure) as for indoor
or outdoor air monitoring. Therefore, providing robust characterization of the DiSCmini has become
essential, given its potential for use. The present study investigates the response of the instrument with
various monodisperse and polydisperse test aerosols over a wide range of sizes and concentrations,
under laboratory conditions. Data were compared to data collected in parallel using reference
instruments, which complements the information already published.
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Laboratory study of the performance of the handheld
Diffusion Size Classifier (DiSCmini) for various
aerosols in the 15-400 nm range

S. Bau,” B. Zimmermann,“ R. Payet® and O. Witschger”

In addition to chemical composition, particle concentration and size are among the main
parameters used to characterize exposure to airborne ultrafine or nanoparticles. To assess
occupational inhalation exposure, real-time instruments are recommended in the recent
strategies published. Among portable devices for personal exposure assessment in the
workplace, the DiSCmini (Matter Aerosol AG, Switzerland) has been identified as a potential
candidate with its capacity to measure the airborne nanoparticle concentration and average
particle size with good time-resolution. Monodisperse and polydisperse test nanoaerosols of
varying composition and morphology were produced in the laboratory using the CAIMAN
facility. These aerosols covered a range of particle sizes between 15 and 400 nm and number
concentrations from 700 to 840,000 cm™. The aerosols were used to investigate the behavior of
the DiSCmini, comparing experimental data to reference data. In spite of a slight tendency to
underestimate particle size, all particle diameters, number concentrations and surface area
concentrations measured were in the same order of magnitude as reference data. Furthermore,
no significant effect due to particle composition or morphology was noted.

Currently, the question of the parameters/characteristics that
should be assessed in epidemiological studies remains open.

Atmospheric, indoor and workplace environments contain
airborne sub-micrometer particles' 2. For the particular case of
industrial aerosols, sources of ultrafine particles can be as
various as combustion processes, diesel engine exhausts, printer
emissions, metal welding fumes, just to mention a few™'°.

Contrary to the aforementioned incidental sources of
ultrafine

nanotechnologies and nanomaterials, where nanoscale particles

airborne particles, the focus has come on

are intentionally produced. Because of the increasing use of
manufactured nanomaterials, it is likely that situations leading
to occupational exposure are becoming more numerous at all
points in their life cycle, including synthesis, production,

downstream use, aging'!, waste treatment and disposal'> '3,

14, 15

as
well as maintenance or accidental scenarios'® 7. Workers
in research laboratories and industry are also increasingly
exposed.

For epidemiological studies seeking to determine the
relationship between particulate air pollution and health effects
it is essential to have quantitative information on exposure
levels'® !°. The present study fits into the general framework of
increasing what is known about devices devoted to the

assessment of occupational exposure to airborne nanomaterials.

This journal is © The Royal Society of Chemistry 2013

When possible, it has been suggested that a multimetric
approach be carried out’®?. In addition to chemical
composition, particle concentration and size play an important
role (e.g. Wang ef al.>®) in determining the quantity and the
region of the respiratory tract where inhaled nanoparticles will
be deposited and potentially interact.

To meet these needs, methodologies to assess occupational
inhalation exposure to airborne particles during production,
handling and use of manufactured nanomaterials have recently
been proposed®**® and tested in various workplace
environments®'>®. In particular, these strategies emphasize the
utility of real-time instruments.

Although time-resolved measurement techniques still need
to be improved®’, they can be used to:

(1) characterize  airborne nanoparticle  sources,
qualitatively (screening) or quantitatively over time and
space (see e.g. Peters et al® 38, Imbhof et al.39);

(2) identify the various tasks associated with emissions
(existence of exposure and/or emission peaks), particularly
when high sensitivity is sought (e.g. Mohr er al.*%);

either

J. Name., 2013, 00, 1-3 | 1
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(3) trigger alarms in case of malfunction of collective protective
equipment or accidents*';
(4) provide a real-time estimate — under specific conditions

and assumptions — of workers’ occupational exposure** .

As a consequence, it has become essential to provide robust
scientific characterization of this type of instrument before they
can be widely used in workplace environments*® 47

“Gold-standard” instruments such as electrical mobility
analyzers (e.g. Scanning Mobility Particle Sizer — SMPS, Fast
Mobility Particle Sizer — FMPS), or low pressure cascade
impactors (e.g. Electrical Low Pressure Impactor — ELPI) are
not ideally suited to monitoring aerosols in workplaces due to
their low time-resolution, lack of field-portability, complexity
of use and high cost*® *. Approaches based on simultaneous
measurements of an aerosol with different instruments have
been proposed (e.g. Woo et al.>’, Maynard®!, Bau et al.’%) but
these are not suitable for personal monitoring. The latter are
more research-grade instruments, which make it is possible to
accurately measure aerosol parameters for laboratory studies’>.

A possible solution has recently been developed in the form
of time-resolved portable devices based on particle diffusion
charging and sequential electrical measurement. Among these,
the DiSCmini (Matter Aerosol AG, Switzerland) was developed
by Fierz et al.’®* based on the meDiSC’> *°. It was formerly
known and distributed as the miniDiSC, which is why in the
remainder of this paper, both miniDiSC (former version) and
DiSCmini (actual version) will be used. The DiSCmini is a
standalone real-time handheld instrument that provides the
airborne nanoparticle number concentration (10° - 10% cm™) and
average diameter (20 - 300 nm) with an accuracy of + 30%
according to the manufacturer’’. According to Asbach et al.’®,
we believe that this level of accuracy is sufficient for most
monitoring applications. To avoid artifacts due to coarse
particles, the DiSCmini is equipped with an inlet separator with
a cutoff diameter of 700 nm.

The device functions by aspirating particles at a controlled
flow rate of 1.0 L.min"' and imparting a positive charge by
means of a diffusion charger (10 nA, 3-5 kV). The instrument
principle lies in the measurement of currents due to the
collection of charged particles on two separate stages: a
diffusion stage (ip current) and a terminal filtration stage (ip
current). These currents are then converted into a particle size
(which is expected to be proportional to the ir/ip ratio) and a
number concentration (which is expected to be proportional to
ir +ip). Apart from these two key characteristics, the particle
lung-deposited surface area concentration for the alveolar
region of the respiratory tract can also be determined. This
concentration is related to the total current (ip +ip), as
indicated by various authors investigating diffusion chargers®
2 Tt corresponds to the product of the geometric surface area
concentration and the probability that a particle will deposit in
the alveolar region. This probability can be obtained from
models based on experimental data, e.g. that provided by the
International Commission on Radiological Protection (ICRP)%.

The DiSCmini
Moreover, unlike the condensation nucleus counters (CNC), it

is robust, light and battery operated.

2| J. Name., 2012, 00, 1-3

requires no working fluid. All this makes it an ideal candidate
for monitoring personal exposure to airborne nanomaterials. To
ensure optimal operation and measurement traceability, the
flow rate as well as the charger’s voltage and current are
recorded every second.

This instrument was previously studied in a laboratory
setting by Mills er al.®* % for monodisperse and polydisperse
aerosols in a range of diameters between 30 and 300 nm and
concentrations from 400 to 80,000 cm™. The aerosols used
were composed of salt (NaCl) and metal, which are considered
to be representative of welding fumes. The results obtained
with
of number

indicated relative discrepancies from measurements
35% in
concentration and particle diameter

reference instruments of =+ terms
in a monodisperse
configuration. In contrast, the particle size was overestimated
80%

discrepancies between — 8% and + 25% had previously been

by up to with polydisperse aerosols. Relative
reported by Asbach er al.’® between miniDiSC and reference
number concentrations for polydisperse test nanoaerosols
consisting of NaCl, DEHS (Di-Ethyl-Hexyl-Sebacate) and
graphite in a range of concentrations up to 80,000 cm™, while
the average particle diameters measured with the miniDiSC
were found to be within £ 27% of the reference value.

The behavior of the miniDiSC was also investigated in field

66-68 number

conditions by various authors Particle
concentrations as well as diameter profiles measured by the
miniDiSC were found to correlate with data from reference
instruments. In spite of significantly different concentration
levels measured by the different instruments, the miniDiSC is
considered to be a useful tool for assessing personal exposure to
airborne nanoparticles in workplaces.

However, there is still a need to further our knowledge of
the behavior of the DiSCmini® ®. In particular, this study
investigated the response of the DiSCmini with various test
aerosols over a wider range of sizes and concentrations than
tested, Both

monodisperse and polydisperse test aerosols were used to test

previously under laboratory conditions.
the instrument, and data were compared to data collected in

parallel using reference instruments.

Materials and Methods

Monodisperse and polydisperse test aerosols were used to
investigate how the DiSCmini performed compared to
reference aerosol instruments. Primarily, the Limit of
Quantification for both electrometers and the response time
were assessed.

Limit of Quantification and response time for the DiSCmini

Preliminary experiments were performed with HEPA-filtered
air, which produce particle-free air, to determine the variability
of the electrometer signals (o) and thus deduce the
corresponding Limit of Quantification (LOQ) based on:

L0Q =100 1)

This journal is © The Royal Society of Chemistry 2012
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Table 1 presents the mean value and standard deviation
obtained after 15 minutes for both diffusion and filtration
stages.

Table 1. Electrometer noise levels for the DiSCmini.

Stage Mean current (fA) Standar(zf(ie)watlon o
Diffusion (ip) -0.110 0.120
Filtration (i) -0.100 0.097

Table 1 indicates an LOQ of 1.2 fA for the diffusion stage,
and 1.0 fA for the filtration stage. These values are in
agreement with Fierz er al.**. As indicated in Bau et al.’%, these
data can then be used to determine the corresponding LOQ in
terms of number concentration, depending on particle size,
aerosol flow rate, charging efficiency and particle penetration
through the
concentration of 10°> cm™ for 30 nm particles, and 10* cm™ for

system. This roughly corresponds to a
250 nm particles, which is in line with the manufacturer's
specifications®’. In the remainder of this paper, all data falling
below the LOQ will be disregarded to ensure the robustness of
the conclusions drawn.

The instrument response time was assessed by measuring
both currents and suddenly increasing particle concentration
from O (HEPA-filtered

(concentration step). An example of the instrument response is

air) to a given stable value
provided in Figure 1 for the diffusion current in the case of a

positive step. Data from run 1 were disregarded due to an

automatic zeroing procedure during the corresponding
experiment.
1.4
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Figure 1. Normalized response of the DiSCmini for a positive concentration step.

The average response was modeled based on a second order
system, whose behavior, y(t), was described by:

y(t)=1—%-sin(m-t+<p) 2)
with w = 0.938 rad - s~ the pulsation, { = 0.438 the damping
coefficient, and ¢ = 1.081 rad the dephasing angle being the
set of parameters obtained by numerical resolution. The
response time Tr before the instrument reaches n% of the
expected variation can be determined using the following
equation:

This journal is © The Royal Society of Chemistry 2012
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1 100

Tty =zoln (=) 3)
The corresponding 95% response time is Trgsy, = 7.3
seconds, as shown in Figure 1.

Aerosols studied (test aerosols)

Experiments were performed with test aerosols produced using
the CAIMAN (Characterization of Aerosol Instrumentation
used to Measure the Aerosols of Nanoparticles) facility®. This
setup produces stable and reproducible airborne nanoparticles
with controlled properties distribution, chemical
composition, concentration level).

The CAIMAN facility is composed of a spark discharge
generator (PALAS GFG-1000), a bipolar ion generator (EAN
581, TOPAS) and a high-temperature furnace (CARBOLITE
BST16 with a maximum operating temperature of 1500 °C).
(Nano)particle-free air is introduced into the setup from a
purification unit (TSI model 3074B), and excess aerosol is
filtered using HEPA filters (CAMFIL, ‘BAG filter’ model). For
this study, neither the ion generator nor the high-temperature
furnace were used to modify the properties of the aerosols
produced.

Two different electrodes were used in this work: carbon
(graphite, pure) and silver (99.99% pure). An alternative
experimental  configuration, involving a  Laskin-type
nebulizer’®, was used to produce DEHS (Di-Ethyl-Hexyl-
Sebacate, pure) and CsCl (Cesium Chloride, aqueous solutions
of 1 and 50 g.L™") aerosols.

While the silver and DEHS particles produced are spherical,
carbon-based particles (agglomerates) present a fractal-like
morphology, and cesium chloride particles are cubic.

(size

Experimental setup in monodisperse mode

The DiSCmini's performance first
monodisperse airborne nanoparticles, in the experimental setup
illustrated in Figure 2.

was assessed with

HEPA-filtered air su
(TSI 3074B)

Brooks
58508

Polydisperse
aerosolin A

1.0 L/min

0.7 L/min

GRIMM DMA

‘Vienna Type’ —

DiSCmini

-

1.0 L/min

monodisperse,
aerosol out

Flow

splitter 0.7 LUimin

CNC TSI3007

Figure 2. Diagram of the experimental setup for monodisperse test aerosols.

In this configuration, polydisperse aerosols were directed
through a DMA (Differential Mobility Analyzer, Grimm
Type’ Qaerosol =10 L~min-1’ Qshealh =10 L-min-l)
equipped with an Am**' radioactive source to select airborne

Vienna

particles according to their electrical mobility. The DMA was

J. Name., 2012, 00, 1-3 | 3
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controlled by means of a DMA-controller (Grimm, device not
shown in Figure 2). Assuming that the proportion of multiply-
charged particles is negligible (see e.g. Bau er al.>®), this results
in the production of monodisperse aerosols with a given
electrical mobility diameter, the corresponding GSD being
typically below 1.05 according to previous work where a model
for the DMA transfer function was used’'. The particle
diameter selected by the DMA was considered to be the
reference diameter.

For the same sample, the reference number concentration
was determined using a handheld CNC (Condensation Nucleus
Counter, TSI model 3007, @ = 0.7 L.min’}). This instrument
counts particles between 10 nm and 1 um in single-count mode
for aerosols with up to 10° particles.cm™. Data above 10° cm™
should be considered with caution as they exceed the nominal
concentration range of the CNC.

Data measured by the DiSCmini, i.e., particle average
diameter and number concentration, were then compared to
reference data. The range of particle diameters and number
concentrations covered in the different experiments performed
are given in Table 2.

Table 2. Characteristics of the monodisperse test aerosols used.

. Range of reference particle Range of reference pfu‘tlcle
Material X number concentrations
diameters (nm) 3
(em™)

Ag 15-120 700 — 76,000

C 20 - 200 2,000 — 83,000
CsCl 60 — 200 800 — 3,200
DEHS 50 —400 900 — 200,000

Experimental setup in polydisperse mode

In the second part of this study, the DiSCmini was challenged
with polydisperse test aerosols, as shown in Figure 3.

DiSCmini

excess

1.0 L/min

Polydisperse 0.7 Limin

aerosol in

Sampling vessel\

0.3 Limin
A

CNC TSI 3007
-
ooo
GRIMM DMA
ooo
‘Vienna Type’ GRIMM
CNC 5403 :
>

Figure 3. Diagram of the experimental setup with polydisperse test aerosols.

In this setup, the number size distributions of the
nanoaerosols produced were measured by a SMPS (Scanning
Mobility Particle Sizer), composed of the abovementioned
DMA (working at a different flow rate of Q,ero501= 0.3 L.min™})

4| J. Name., 2012, 00, 1-3

and a CNC (Grimm model 5.403, O = 0.3 L.min™}). This SMPS
number size distribution was then fitted with a lognormal curve
to determine the modal diameter of the distribution, which is
considered to be the reference particle diameter. Examples of
lognormal fitting of experimental data are presented in Fig. 4.

—~ 3
- OSMPS - run 11 (Ag)
£
o OSMPS - run 21 (C)
(o))
o
©
z
z 21
e
c
K]
5
2
@
S 1 4
(0]
N
)
9]
o)
IS
2
0 T

—_

10 100
electrical mobility diameter (nm)

1000

Figure 4. Examples of number size distributions determined for polydisperse test
aerosols.

The characteristics of the polydisperse test aerosols used are
presented in Table 3. Altogether, the modal diameter ranged
from 14 to 300 nm, and the number concentration was between
4,700 and 840,000 cm™. Due to the nominal concentration
range of the CNC, higher number concentrations (above 10°
cm™) were provided by the SMPS. The geometric standard
deviations (GSD) of the adjusted lognormal number size
distributions were found to be between 1.48 and 2.68.

Table 3. Characteristics of the polydisperse test aerosols used.

Page6ci il

. Range of reference modal Range of reference p grucle
Material . number concentrations
diameters (nm) 3
(cm™)
Ag 19-72 7,300 — 710,000
C 14 - 300 4,700 — 440,000
CsCl 25-42 27,600 - 840,000
DEHS 220 - 225 61,000 — 154,000

Each experimental condition was maintained for 30 to 40
minutes to ensure aerosol stability and sufficient scans to allow
the average number size distribution to be determined by the
SMPS. The number size distributions for carbon agglomerates
were corrected as suggested by Lall & Friedlander’ using a

82 As previously, the

primary particle diameter of 16 nm
reference number concentration was provided by CNC analysis
of the same aerosol in parallel.

In half of the cases, a NSAM'™ ™ (Nanoparticle Surface
Area Monitor, TSI model 3550, Q = 2.5 L.min'l) was added as
a fourth sampling line directly connected to the sampling vessel
(not depicted in Figure 3) to provide the reference lung-
deposited surface area concentration for particles depositing in
the alveolar region of the respiratory tract (alv-LDSA). Detailed
the NSAM performs is

information on how provided

elsewhere®> 7.

This journal is © The Royal Society of Chemistry 2012



Page 7 of 11

As for the monodisperse aerosols, data measured by the
DiSCmini were compared to reference data.

Results and discussion

Monodisperse aerosols

Figure 5 presents the comparison between measured and
reference sizes (fop) and number concentrations (bottom).

This comparison shows a satisfactory agreement between
DiSCmini and reference data, with no remarkable effect due to
particle composition or morphology.

Taken together, the average relative discrepancies were -
16% and +2% for particle diameter and number concentration,
respectively. More precisely, the particle diameters provided by
the DiSCmini were found to be within + 38% of the reference
particle diameter selected by the DMA. In contrast, the particle
number concentrations measured by the DiSCmini were found
to be closer to the reference on average, even though they
presented a greater variability, with relative discrepancies up to
164

65%. Similar results were reported by Mills et a in their

study using monodisperse test aerosols where relative

discrepancies were found to be within £ 29% for particle

diameter and ranged from — 21% to + 101% for particle number

concentration.
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Figure 5. Comparison of average size (top) and number concentration (bottom)
measured by the DiSCmini and reference measurements in monodisperse mode.

This journal is © The Royal Society of Chemistry 2012
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The data presented in Figure 5 also show a slight tendency
to underestimate particle size for diameters below 40 nm. For
this size range (d,, < 40nm), the average deviation observed
between DiSCmini and DMA data is — 37%. This has not been
highlighted in previous studies, where both positive and
negative deviations were observed, and attributed to random
errors®. These cases do not correlate with the larger biases
observed for number concentrations.

For particles with diameters above = 250 nm, the diameter
reported by the DiSCmini was systematically 300 nm, which
corresponds to the upper limit of the size range for the
instrument. This suggests that the curve describing the ratio of
the currents to particle size reaches a plateau. This appears to be
confirmed by the data presented later in this paper.

Figure 6 shows a Box & Whiskers plot of the ratios of
measured data to reference data. This representation shows that
particle diameters and number concentrations agree with the
reference within + 30% in 60% and 70% of cases, respectively.

2.00
() .
2 1.50 -
9 ]
€ e U
"OL_) [
€ 1.00 f---z==k=--------- et EEE
g ]
o i
.(/_) e ecectecccen|crcccccccccchcccee-
a 1 |
2 0.50 A
"é’ 4

0.00

diameter number

concentration

Figure 6. Comparison of the DiSCmini / reference ratio in monodisperse mode
(n= 108). Dashed horizontal lines indicate a ratio of one and the * 30%
discrepancy expected based on the manufacturer's specifications.

The experiments carried out in monodisperse mode can also
be used to determine the charging law of the unipolar positive
corona charger present in the DiSCmini. This is possible as
measured currents are related to air flow rate (Q), particle
number concentration (Cy) and the number of elementary
charges carried per particle of a given size p(d,,), in the
following relationship:

ipti
N = Samred @
where e corresponds to the elementary charge (e = 1.602 -
10~1° C). In each condition, both currents, ir and ip, and the

reference number concentration were measured; the power
charging law can therefore be defined as follows:
p(dm) = a-dh, Q)

The experimental data (not shown) were found to be
independent of particle morphology and chemistry. Taken
together, the least-squares power fit of this data (R? = 0.890)

gave a = 0.016 and b = 1.099. These parameters are in good

J. Name., 2012, 00, 1-3 | 5
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agreement with those presented by Fierz et al.>* who reported
an exponent (b) of 1.125 for the miniDiSC upon challenge with
NaCl particles from 20 to 240 nm in diameter. This corresponds
to a typical value for diffusion chargers, for which the exponent
is expected to decrease from 2, in free-molecular regime, to a
value tending towards 1 in continuous regime (see e.g. Flagan’®
or Ntziachristos et al.

this can cause greater deviations. As indicated by Bau er a

Page8c:il

1.5,

the GSD of the number size distribution significantly influences

the current ratio (ig/ip) above 1.7, leading to inaccurate

particle

diameters.

Consequently,

the

resulting number

concentration calculated using equation (4) will also be affected

because of an

incorrect number of elementary charges

77,

Finally, the correlation between the ig/ip ratio and particle

diameter was verified (Figure 7). This was essential as the basic

design and operation of the instrument rely on this correlation.

estimated per particle.

Based on our previous work’?, the count median diameter
was also estimated from both number and surface area
concentrations (when the NSAM was used). The average size
provided by the DiSCmini and this approach, assuming
GSD = 1.8 (data not shown), produced a linear correlation
(R? = 0.949) with a slope of 0.8, indicating that the DiSCmini
size by 20% When
considering a GSD of 1.7, the slope becomes 0.75 (R? =

underestimates particle on average.
0.951), i.e., an average 25% underestimation of particle size by
the DiSCmini. These findings are in line with previous
observations relating to the reference diameter determined by
SMPS, as shown in Figure 8.

10 7
] > DEHS
s 56° 5
— &P Carbon
= § A Silver
E o O Cesium Chloride
5 3
(2]
8 19 B
I 2
A A
2
© f}
A
0.1 — T —
10 100 1000

reference diameter [DMA] (nm)

Figure 7. Relationship between current ratio and reference particle size for the
different monodisperse test aerosols.

The data presented in Figure 7 highlight a clear
correspondence between the ratio of measured currents and
particle size, as indicated by the manufacturer’’. As stated
earlier, the ratio of the currents to particle size seems to reach a
plateau above =~ 250 nm. In addition, it can be concluded from
Figure 7
morphology significantly affect the particle size or current ratio
determined by the DiSCmini. Detailed information on the
diffusion phenomena governing this behavior are given in Bau

that neither particle composition nor particle

et al.>® and Fierz et al.>.

Polydisperse aerosols

The comparison between DiSCmini and reference data for
polydisperse aerosols is proposed in Figure 8 for the average
particle diameter (fop) and number concentration (bottom).
Figure 8 suggests that the DiSCmini underestimates particle
diameter, leading to an overestimation of the corresponding
number concentration. Once again, no significant effect of
particle composition or morphology was noted. Relative
discrepancies ranged from — 40% to + 19% for particle
diameter, with an average of — 20%. There are only three cases
where the diameter reported by the DiSCmini was larger than
the reference diameter determined from the adjusted SMPS
number size distribution. In contrast, the average bias is + 55%
for the particle number concentration, ranging from + 3% to +
147%. It should be remembered that a polydisperse aerosol
with a GSD of 1.7 was considered in the “calibration” of the
instrument. When the aerosol measured has a different GSD

6 | J. Name., 2012, 00, 1-3
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Figure 8. Comparison of average size (top) and number concentration (bottom)
measured by the DiSCmini and reference measurements for polydisperse

aerosols.

In their laboratory study, Mills er al.** reported significant

differences — up to 81% — between the particle diameter

measured by the DiSCmini and the reference SMPS size in a
range from 100 to 200 nm for GSDs between 1.5 and 2.3. In
contrast to the results presented in Figure 8, they observed

ratios greater than one in all cases, ie., the DiSCmini

This journal is © The Royal Society of Chemistry 2012
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overestimated particle diameters in their hands. They also
found number concentrations to be within 21% of those
measured with the SMPS for either NaCl or metal polydisperse
aerosols with concentratins between 500 and 50,000 cm™.

Meier er al.%®

also highlighted relative discrepancies
between the particle diameter determined by miniDiSC and the
SMPS-derived geometric mean diameter (from — 23% to + 2%)
with  their

measurements

experimental data on stationary aerosol
next to a highway. The extent of these
discrepancies depended on the SMPS measurement range
considered. The aerosols had a geometric mean diameter
between 30 and 60 nm; but no information is provided about
their GSD. These results suggest that the number concentration
based on the SMPS data taken between 13 and 311 nm
correspond best to those returned by the miniDiSC (1%
deviation on average); the concentration range covered was
between 8,000 and 50,000 cm™. When the full size range of the
SMPS was considered (10 — 1110 nm), the miniDiSC recorded
significantly fewer particles.

Aerosols with varying morphologies, from spherical
(DEHS) to cubic (NaCl) and fractal-like (soot), were used to
challenge two models of miniDiSC in another study’®. The
geometric and arithmetic mean diameters provided by a FMPS
(Fast Mobility Particle Sizer, TSI model 3091) were taken as
reference values for particle size, ranging between 28 and 177
nm. Whatever the number concentration between < 1,000 and
80,000 cm™ provided by a handheld CPC (TSI model 3007),
the data measured by both miniDiSC were found to be between
— 8% and + 25% of the reference, in line with the technical
specifications. An effect of particle size on the counting
accuracy of the miniDiSC was noted. The two miniDiSC were
found to be equivalent; the deviations between reported particle
diameters and reference values were within + 27%, with the
highest deviations observed for soot particles. Based on these
results, the authors suggest that miniDiSC sizing accuracy
depends on particle morphology. This appears to contradict the
results presented in Figure 8.

As mentioned above, the NSAM was used to provide the
surface area concentration for

reference lung-deposited

particles contained in the aerosol. The average relative
discrepancy for this measurement was found to be 1%, even
though deviations of up to = 60% were observed. A similar
level of relative bias between miniDiSC and FMPS-derived alv-
LDSA has previously been reported®, particularly for particles
larger than 400 nm.

Figure 9 shows a Box & Whiskers plot of the ratios of
the
considered, whatever the nature of the aerosol.

This data shows that the = 30% deviation tolerated by the
manufacturer is satisfied in 70%, 25% and 70% of the cases for

measured and reference data for three parameters

particle diameter, number concentration and alv-LDSA,
respectively. Again, the underestimation of particle size as well
as the assumption that the aerosol GSD is 1.7 in the internal
operation of the DiSCmini may have caused this overestimation

of number concentrations.

This journal is © The Royal Society of Chemistry 2012
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Figure 9. Comparison of the DiSCmini / reference ratio in polydisperse mode
(n =24 for diameter and number concentration; n = 10 for alv-LDSA). Dashed
horizontal lines indicate a ratio of one and the * 30% discrepancy expected
based on the manufacturer's specifications.

Conclusions

This experimental study aimed to characterize the performances
of a miniature diffusion size classifier (DiSCmini). The device
is based on diffusion charging and electrical detection to
measure the mean diameter and number concentration of
airborne particles in real-time. It has been identified as an
interesting candidate for personal workplace
monitoring.

First, the limit of quantification and the response time of the
DiSCmini were experimentally determined. The results suggest
that the DiSCmini can only be used when particle number
concentration exceeds (roughly) 10° cm™. The response time of
7.3 seconds indicates that, although the DiSCmini is not
suitable for monitoring fast changing concentrations, it should
be adequate for most of the events observed in workplaces.

Second, investigations were performed with monodisperse
aerosols of particles with diameters between 15 and 400 nm
composed of four substances. The experimental data indicate a
satisfactory correlation with reference diameter, within + 38%,
and a poorer correlation for number concentrations over the
whole range (- 51% to + 65%). A slight tendency to
underestimate particle sizes below 40 nm was noted. Data
recorded by the DiSCmini were found to be independent of
particle chemistry, morphology, and concentration. On the
whole, the data reported are within = 30% of reference values
in almost 70% of cases. The correlation between current ratio
and particle diameter was also verified as the DiSCmini relies
on this to determine the parameters of an aerosol.

Third, the experimental results with polydisperse aerosols
indicate that, compared to the modal diameter obntained from
SMPS number size distributions, the DiSCmini underestimates
particle size by — 20% on average, while particle number
concentrations are found to be greater than the reference (+
55% on average). It should be recalled that the aerosols are
assumed to be lognormally distributed with a GSD of 1.7 in the
DiSCmini. This was not necessarily the case for all test
aerosols. Finally, the lung-deposited surface area provided by

exposure
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the DiSCmini was found to be within + 60% of the reference
(NSAM).

The experimental results provided in this study help to
describe the behavior of the instrument, although only one
model was investigated. Further experiments with several
models placed in parallel would help to increase the robustness
of results. Although not necessarily within the tolerated interval
of + 30%, the data reported by the DiSCmini correlated well
with reference data for most cases in this laboratory study: all
and alv-LDSA
measured were found to be in the same order of magnitude as

particle diameters, number concentrations
reference data. However, it should be remembered that the
DiSCmini is neither a particle counter nor a particle sizer.
Among the major drawbacks of this instrument are its
limited size range. Consequently, it is recommended to use the
DiSCmini in combination with other devices when seeking to
record information over a large size range, e.g. up to a few
micrometers. This is particularly important in the case of
occupational exposure when handling nanomaterials in powder.
Furthermore, the case of bimodal aerosols remains open.
Finally, like other personal diffusion chargers, the DiSCmini is
not specific to airborne particles, i.e., it cannot distinguish them
from those present in the background®”. However, we believe it
can be used as a screening tool to locate sources of airborne
particles (provided that they have a diameter below 400 nm),
and to quantify the emissions related to various tasks (provided
that their concentration is above 10° cm™).
which
, it can be now

From the information provided in this
458 6

study,
complement those already publishe
considered that the performance of the DiSCmini under
controlled conditions in the laboratory are well known.
However, field data using the DiSCmini are still poor66'68; thus,
we suggest that studies should be henceforth conducted in this
direction.

Ultimately, we believe that this handheld instrument is
suitable for stationary or personal measurements of ultrafine
particles in workplace atmospheres such as welding fumes or
the

nanomaterials are fabricated or handled, particularly when

diesel emissions. Regarding workplaces  where
aerosols are highly polydisperse and/or composed of micron-
sized particles, this instrument shall not be used alone, as

already recommended for other types of instruments?®.
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