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SUMMARY

A literature review was conducted to identify methods/devices for

ambient coarse and fine particulate matter measurement.

The US-type dichotomous sampler, which uses virtual impaction

for particle fractionation, was judged currently the best for
collecting coarse and fine particles on filters. Commercially
available samplers, however, have relatively low sampling rates
and may in some cases, collect only marginal particle mass for
gravimetric evaluation. The EPA-type Hi-Vol sampler, equipped with
the selective sampling inlet, provides samples suitable for
gravimetry, but lacks a reliable and proven coarse/fine particle

fractionator, and has suspected problems with artifacts.

To clarify some unsolved questions about the performance and
suitability of candidate samplers, a field comparison program
is proposed.
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A LITERATURE SURVEY OF
METHODS FOR FRACTIONATED SUSPENDED
PARTICULATE MATTER MEASUREMENT

i INTRODUCTION

Although the various effects of airborne particles are clearly
particle size-dependent, at the present time there are no ambient
air quality standards or guidelines anywhere that are size-specific.
For example, in Europe, the European Communities Directive 88/779/
EEC (1), the OECD method (2), the West German LIB-Verfahren (3),

and the British Smoke Shade method (4) require no particle size
separation. All these, and the standardized Hi-Vol sampler in
North-America (5,6), collect "total" suspended particles on

filters, although the actual upper size cut of the sampled
particles depends primarily on the intake characteristics of the

sampler in question, and on the ambient wind speed.

The US EPA has moved officially towards the adoption of limited
size fractionation, but the proposed revisions in the US sus-
pended particulate matter standard are still stalled, due to

political and scientific disagreements (7,8,9).

The International Standards Organization (ISO) has been deliber-
ating size-specific particle sampling (10). Its recommendations
have dealt mainly with particle size range definitions as they

relate to health effects, and are advisory in nature.

In Norway the Arbeidsgruppe for luftkvalitetsstandarder of the
SFT does not expect to recommend any particle fractionation until

some firm action in this direction has been taken elsewhere (11).



2 OBJECTIVE OF PROJECT

The stated objective of SFT+ for this project was to develop
methods/equipment for routine "high volume" measurement of sus-
pended particulate matter in the ambient air, that would allow
separate collection on filters and gravimetric evaluation of fine
(< 2 um aerodynamic dia.) and coarse (> 2 um aerodynamic dia.)
fractions. The "high volume" requirement, for purposes of this
study, was interpreted to mean a method/equipment that is capable
of collecting sufficient sample of particulate matter, im at least
24 hours, for adequate weighing accuracy. Thus, the filter
medium used must be compatible with sample size and sampling
duration requirements, and preferably suitable for as many

other analytical procedures (e.g., chemical, biological, micro-

scopic), as possible.

Recent literature, relevant to airborne particulate matter
fractionation methods/equipment, was reviewed. In what follows,
the findings are discussed, conclusions drawn and recommendations
made. For the purpose of this report, it is assumed that the
reader is already familiar with the terminology and basic prin-
ciples pertaining to ambient air sampling, since these will not

be restated here.

+ Forslag fra SFT til MD angdende luftforurensningsundersgkelser
for 1981.



3 METHODS FOR FINE/COARSE FRACTIONATION

A complete characterization of ambient airborne particle distri-
butions is probably the best for evaluation of the various effects
the particles produce, but may not be cost-effective from a
monitoring viewpoint. For many purposes, simple separation into
two size fractions may suffice. Such procedure, normally employing
particle fractionation according to their aerodynamic properties,
provides information on, for example, respirable/non-respirable,
accumulation mode/coarse mode, or acid/alkaline particles in the
sample. A 2 um aerodynamic diameter cutpoint is the commonly
assumed, approximate "boundary" between accumulation mode and
coarse particles, and roughly separates acid and alkaline particles

as well.

In addition to the restriction imposed by weighing requirements,
the choice of methods/equipment for the actual separation of the
coarse fraction particles from the fine depends on whether the
coarse fraction must be recovered and evaluated, or not. If not,
the selection of options is fairly straight-forward. If, however,
the coarse fraction too is to be evaluated by filter weighing, the
choice is narrowed to virtual and physical impaction, or the "two-
filter" techniques. In most cases, the relative amounts of the
collected coarse fraction (and thus the "total" particles as well)
depend on factors such as the sampler inlet geometry, ambient

wind speed, particle loading, and the actual aerodynamic size
spectrum of the sampled particles (12,13). Thus, if the coarse
fraction is also of interest, it is necessary to specify an upper
size cut for the coarse fraction, and to employ a sampler inlet
configuration with the necessary intake effectiveness+ and insensi-
tivity to wind speed changes. Although the clear intent of SFT is
to evaluate both fractions, for the sake of completeness, methods/

devices for fine particles only will also be briefly reviewed.

+ Experimentally determined intake or sampling effectiveness is
defined as the percent of particles reaching the collection zone
of the sampler, compared to results obtained by isokinetic samp-
ling in the wind tunnel (where tests are conducted).
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3.1 Methods/devices for fine fraction only

To collect only the fine fraction on filters, an aerodynamic size
fractionator can be used to separate the coarse fraction from the
total particle sample. Cyclones, adhesive-coated impaction stages,
and horizontal elutriators fall into the category of coarse par-
ticle separators. For all, quantitative recovery of the coarse
fraction is at best uncertain and often impossible. Although hori-
zontal elutriators have been utilized as non-respirable particle
pre-separators in British-design samplers for occupational exposure
evaluations, the sheer size of the device to provide a 2 um cut

at any reasonable ambient air sampling rate eliminates them from

further consideration.

3s Ll Impactors

Due to their relative simplicity and sharp particle size cut-off
characteristics, impactors (particularly in the "cascade" or
multi-stage configuration) have been quite extensively used
(although not normally for routine monitoring) to obtain mass

or chemical component distributions by particle size. The per-
formance of physical impactors (i.e., those impacting particles

on solid surfaces) can be accurately predicted from recently
improved theory, and it is now possible to design an impactor for

a specific flow rate and be fairly certain of the particle cut-off
size (14). Evidence of non-ideal operating characteristics (14,15)
has, however, impared their straight-forward application. Coarse
particle bounce, which distorts the fractionated mass distributions
(16), appears to be difficult to avoid even under seemingly favour-
able conditions (17). The use of adhesive coatings, such as oil

or various greases and jellies, on impaction substrates or sur-
faces appears to be effective (18), provided overloading of
impaction surfaces (e.g., due to high concentrations or long

sampling periods) can be avoided.

Although impactors can be used in any orientation, vertical,
downward-facing position for coarse particle preseparation has

been most often reported (19, 20).



Cyclone separators are simple to operate and only moderately
complicated to construct. Small diameter, low flow rate cyclones
have been used extensively in North-America as non-respirable
dust preseparators for sampling occupational environments.
Ambient air sampling applications are also reported, using either
specially designed (21) or commercially available cyclones (22,23)
for coarse particle removal. Unfortunately, a satisfactory theory
for predicting cyclone performance is still lacking, and the
empirical nature of cyclone design has been a handicap. Although
cyclones can be scaled to any desired flow rate, each must be
calibrated to ascertain its size cut-off characteristics (24).

A medium flow rate (up to 28 L min_l) cyclone, of improved

design (21), is shown in Figure 1. At the higher flow rates,

its cut-off curves are comparable in sharpness to those of most
impactors. A few cyclones of lesser cut-off sharpness, but higher
capacities, are commercially available. (For example, the l-inch
UNICO 240 Model provides a 2 pym cut at ca. 115 L min_l, and the
AEROTEC 2 at ca. 1 m3 min_l flowrates). Although compact in size,
cyclones of conventional design are more difficult (than impactors)
to incorporate in larger air samplers, because of the normally
right angle inlet-outlet orientation.

Fraction deposited in cyclone

Aerodynamic diameter, pm

Cyclone dimensions.

Inlet pipe diameter 2.54 cm
Inlet cone taper 15°
Cyclone inlet diameter 1.008 cm
Cyclone cylinder diameter 3.658 cm
Cyclone cylinder beight 1.173 em
Total cyclone height © 5923 cm
Diameter of cone bottom 1.270 cm
Diameter of cyclone outlet 1.052 cra
Length of outlet inside cyclone 1.570 cm

Figure 1: Cyclone assembly, dimensious and performance (21).



8ia2 Methods/devices for fine fraction - total particle samplers

For strictly gravimetric evaluations, the mass of the coarse
fraction particles can be determined by difference by using a
parallel arrangement of a total and a fine fraction particle
collector (21,23,24). One such parallel sampling setup is shown

in Figure 2.

To ensure comparability of the measured total and calculated
coarse particle measurements, and appropriate inlet for the
sampler is necessary (cf. Section 3.4). An upper particle size
cut-off, provided by such an inlet, can be expected to reduce
the uncertainty in total (and coarse) particle mass measurements,
caused by the sampling of statistically few large but heavy par-
ticles. Weighing errors can seriously impair the accuracy of the
calculated coarse particle concentration obtained by this method.
Further, it must be pointed out, that the total sample obtained
in this manner, and consisting of a mixture of coarse and fine
particles, might undergo chemical or biological alterations and
thus may not represent the real nature of the coarse and fine

fractions.

—_— ——— AIRINLET

TO PUMP
47 mm
AFTER FILTER

CYCLONE

47 mm
TOTAL FILTER

|

TO PUMP

Figure 2: Assembly for airborne particle sampling with a total filter
and cyclone/fine filter in parallel.



8ie3 Methods/devices for fine and coarse fractions

If both fine and coarse fractions must be deposited on filters
separately, then with presently avialable methods/devices the
choice is limited to physical and wvirtual impaction, or the

"two-filter" technique.

Although coarse fraction partlicles, impacted on filter sub-
strates, would satisfy the filter collection requirement, bounce-
off and reentrainment from uncoated filter substrates in physical
impaction can be sufficiently severe (22) to warrant rejection

of this method, unless viable remedies for this problem are found.
The use of sticky coatings on impaction substrates or surfaces
has been successfully used with low volume cascade impactors
(e.g., 18), but has not been reported thus far for high volume
impactors in routine use. The adhesive material and coating proce-
dure must be carefully selected to suit analytical en environ-
mental (e.g., ambient temperature) requirements. Preliminary
tests at NILU (unpublished data) have shown that high volume
cascade impactor (Sierra) glass fibre substrates, with Apiezon
grease coating+, have good tare weight stability for gravimetric
evaluation. As of this writing, however, no field experience with
high volume impactors using adhesive-coated substrates has been
reported in the literature. At the present time, there are no
impaction stages, specifically designed for coarse/fine particle
fractionation, commercially available. If a stage from an
existing cascade impactor is used to provide the required 2 um
dia. cut, it is likely to be the 2nd or 3rd stage. The intake
characteristics for coarse particles for these middle stages of
cascade impactors are completely unknown, and there is evidence
that not all of the coarse particles reach the impaction sub-

strate. Instead of following the air stream into the impaction

+ Apiezon L grease dissolved in toluene, and applied according
to the procedure described by Cahill et al. (32).



jets,

plate itself (17,25) and thus become lost from the coarse

fraction.

The so-called "dichotomous" samplers of US-design employ

"virtual"

pumped tube) to separate and collect coarse and fine particles

on filters (e.g.,

particle bounce or reentrainment, but some wall losses

larly for ligquid particles) are intrinsic to the construction

impaction

(i.e., particle impaction into a slowly-

some have been observed to deposit on the impaction jet

26) . Virtual impactors do not suffer from coarse

(particu-

features of the device. These, however, have been minimized by

careful design and instrument assembly

Dichotomous samplers are significantly more complicated than

cyclones and physical impactors,

coarse and fine particle flows. Consequently they are more

expensive,

versions,

changes in unattended operation. A schematic of a dichotomous
sampler separator section and a typical performance curve are

shown in Figure 3.
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Although some of the early dichotomous samplers of US manufacture
were designed to sample at 50 L min_l, only models operated at

i46r,. 7" T min_l flow rate are now avalable.

d.3s2 Two=filter samplers

———— o G — - — —— i — — - -

The "two-filter" sampler (also called the two-stage, tandem-
filter, stacked filter, sequential filter sampler) utilizes a
large pore size Nuclepore (NP) prefilter in series with an after-
filter of appropriate characteristics (e.g., 27), which collect
the coarse and fine fraction particles, respectively. The aero-
dynamic cut-offs of the NP filters depend on the pore size and
the face velocity of the filters. The collection characteristics
of nominally 8, 9.5, and 12 um pore diameter NP filters have been
both theoretically and experimentally determined (28,29,30). The
sampler can be very simple in construction, and can be assembled

from commercially available components, as shown in Figure 4.

Hose to air pump

Fine filter

b
Holder tor two 47 mm filters . g
b

Coarse filter —/

H

Figure 4: Sampling head of a two—filter unit.

The two-filter method allows considerable operational flexibility,
since in addition to prefilter pore size, the face velocity, for
a given sampling rate, can be varied by changing the effective

filtration area (i.e., prefilter holder size).



As with all physical impaction, coarse dry particle bounce seems
to be a problem also with the NP prefilter (22,31). Adhesive
precocated NP filters are now available, which reportedly reduce
the bounce-off problem, while still retaining their collection
characteristics (32). There is not as yet enough information

on their suitability for gravimetric evaluations. Sampling rates

Trom 2 to 42 T min—l with two-filter samplers have been reported.

3.4 Inlets and sampling effectiveness

All commonly used ambient samplers have an air inlet of some sort.
An ideal inlet of an ambient particulate matter sampler should
allow all particles of interest to enter and be transported to
the collection/sensing zone of the device, while excluding rain,
snow, insects, plant matter, and other airborne debris. Research
with specially designed sampler inlets, to minimize modification
of particle size distributions (33), has shown that most particle
mass samplers truncate the true ambient particle distributions,
thereby giving concentrations less than those actually existing.
If the less than perfect sampling effectiveness for a certain
sampler with a given inlet geometry were constant for all con-
ditions, then the mass collected would at least be always a
consistent proportion of the true ambient concentration.
Unfortunately, as recent wind tunnel tests have shown, it is
also substantially affected by wind speed, particle loading,
intake losses, the aerodynamic size spectrum of the particles,
and in some cases even wind direction (12,34). With our present
state-of-the-art sampling technology, absolute accuracy of
measured airborne particle mass cannot be quantified (since
truly isokinetic sampling of ambient atmosphere cannot be
achieved). Size-specific and wind speed insensitive (to some
specified maximum speed) inlets are then a necessity to insure

a reasonable degree of equivalence between total and/or coarse
particle concentrations measured by different types of particle
mass samplers, or at least reproducible measurements by the same

type samplers under varying wind conditions.



An omni-directional inlet of cylindrical shape (with the axis
of the cylinder oriented vertically) will avoid samplig bias
due to horizontal wind direction changes. Vertical elutriators,
and various "mixed-action" inlets of recent US-designs all
utilize the circular configuration. True horizontal elutriators
(35), i.e., multy-tray or multi-tube settling "chambers", must
be operated in a horizontal position and thus cannot avoid wind
direction effects (without orienting wind wvanes), and probably

also wind speed biases.

The mixed-action inlets usually augment simple gravitational
settling (the separating process in vertical and horizontal
elutriators) with centrifugal and/or impaction collection to
achieve (more or less) the desired intake effectiveness
characteristics. There does not appear to be any sound theo-
retical basis for modelling the inertial effects of changing

wind speed on the sampling effectiveness of such devices, and the
performance of each must be assessed empirically (i.e., through

wind tunnel tests).

No less important, than the above considerations for measurement
comparability is the choice of particle size cut~off for the
inlet. In the past, particulate matter samplers of widely diffe-
rent (and often unknown) sampling effectiveness have been used
(e.g., 12,22,36) and efforts towards standardization were not
prominent. Early proposals for revisions of the US total sus-
pended particulate matter standard included an "inhalable particle"
(IP) classification (37), concerning particles that can penetrate
to the tracheobronchial and alveolar regions of the lung (9,37).

A tentative nominal 50% cut-off size of 15 um aerodynamic diameter
was first thought appropriate, and a performance "envelope" for
the sampling effectiveness curves for the inlet was suggested
(cf., e.g., Figures 6(b) and 6(b)). The issue of what the

nominal cut-off size should be, how sharp the effectiveness

curve should be, and what the permissible deviations should be
became, however, subject to some contraversy (7,8). As Lodge

et al. (8) pointed out, the 15 um diameter cut point may be very

difficult to achieve reliably in practice. It is near the maximum
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of the coarse particle mode (in bimodal ambient aerosol distri-
butions), so that even slight errors in the cut points of real
inlets could lead to sizable differences in the measured coarse

(and possibly total) mass measurements.

Recently the US Clean Air Scientific Advisory Committee (CASAC)
recommended that the new IP standard be based on particles less
than 10 um aerodynamic diameter instead (9). It cited two reasons
for the choice: the 10 um cutpoint agrees better with measured
values of thoracic and extra-thoracic deposition, and an inlet
with 10 um cut-off appears to be less wind dependent and thus
would contribute to more reproductible measurements.

Committee TC 146 of the ISO conducted a ballot in the spring of
1981 on whether to accept the 15 um or an alternate 10 um cut size
(10) . Its members decided to recommend the 10 um cut for

standardization.

3.4.1 Vertical elutriators

The basic arrangement of a vertical elutriator (sometimes called
the "inverted inlet") simply consists of a vertical cylinder,
aspirating upwards the air sample through its open bottom end.

The theory of vertical elutriation has been revisited and further
elaborated by Stdber et al. (38). Experimental evaluation of

inlet effectiveness for the OECD and the LIB samplers (which

use this type of inlet) has been reported by Steen and Johansson
(12) . The range of particle sizes used in their experiments was
not wide enough to determine the 50% cut sizes, but, in general,
the sampling effectiveness decreased with increased aerodynamic
size of the test particles and increased wind speed. These
results, taken together with Stdber gt al. (38) theoretical calcu-
lations, suggest that vertical elutriators are quite sensitive

to wind speed changes, unless high aspiration velocities are
maintained. This, however, is not possible, because the 50% cut
size itself is inlet velocity-dependent. An idea of an even simpler
type of vertical elutriator, consisting of a vertical, cylindical

shroud, open at both ends, has been suggested for minimizing wind



effects on inlet effectiveness (36). No studies, however, of this
arrangement have been reported, and its actual performance remains

unknown.

3.4.2 Mixed-action inlets

The "mixed-action" inlets, were designed and developed mainly in
the USA for use with dichotomous samplers. They use vertical and
horizontal elutriation in combination with cyclonic and/or impac-
tion separation, and usually have what is called a circumferential
side entrance (i.e., an annular slot). The flow patterns of air
through such inlets are therefore complex, preventing reliable
prediction of particle collection characteristics without wind

tunnel tests.

The first inlets, developed at Texas A&M University (TAMU), were
designed for sampling rates of 16.7 and 50 L min—l (39). Two
inlets ("CHAMP" (40) and SSI Hi-Vol (41)), however, are capable
of operating at flow rates typical (i.e., > 1 m3 min_l) for

US EPA-type high volume samplers.

The 15 pum cutpoint TAMU inlets later became subject to closer
scrutiny (42) and were found in laboratory tests significantly
affected by different wind speeds, and failing to satisfy the
demands of the suggested performance envelope. Subsequently,
improved 15 um cut inlets have been laboratory (36,43) and

field (44) tested. These are the Colorado State University (CSU),
the University of Minnesota/Lawrence Berkeley Laboratory (UMLBL),
and the Aeroenvironment (AERO) inlets. The schematic construction
features and performance characteristcs of the CSU and UMLBL
inlets are illustrated in Figures 5 and 6, respectively. Both
inlets have circumferential side entrances. (Note that the
suggested performance envelopes, shown in Figures 5(b) and 6(b),

are for the 15 um IP cutpoint.)



PLANE :

3

PARTICLE DIAMETER, pm

.y
COLLECYING SURI ACE ~ .
i}
b = T a1 T {1111 il I e i
<+ I [ s F 7 WIND SPEED. km/h
9 IS
o &~ 1 —
ADIRECTIONAL O 1000~ B g A ! O 0.5
S A R DA | en
P INLET 4 \\ o ! 0 s ]
HOUSING 8‘)) 80— AN s : A 74
NE g N
(] . o
I 5 60— \\ & | -
] 4+ \ o:
- & [3) \ 3
iyt i P )
- 5 P
1
\
! g 20 i Ae \\ =
PARTICLE PATH -~ B 1 ~
| o i .
ST =
: | ' g PR AT I T M e e
avvmance i I IRy 2 3 4 5 6 78910 20 30 40 SO 607080
|

EXIT PLANE

(a)

(b)
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The main particle fractionation process for the CSU IP inlet

is cyclonic action, which is preceeded by vertical elutriation.
The UMLBL inlet subjects the aspirated particles first to some
horizontal elutriation and then impacts the coarser particles

in a cup, which minimizes bouncing particle reintrainment and
carry-over. The particle separation curves are gquite sharp for
both near the 15 um aerodynamic diameter cut-off size. Both
designs are relatively unaffected by changes in windspeed (up

to the maximum test speed of ca. 7 m s—l), and both have sampling
effectiveness in excess of 100% for particles < 10 uym dia. at

high wind speeds.

Specific information on the AERO inlet is not available in the
open literature, but the inlet reportedly (44) consists of two
concentric cylinders with offset slots. The space between the
cylinders acts as a "stilling volume", and the air stream
passes into a small central cylinder with a gap, that defines

the particle cutpoint.

A recent study (44) attempted to determine whether differences

in measurements obtained with the earlier TAMU and the improved
CSU, UMLBL and AERO inlets were significant enough to invalidate
past data collected with the TAMU inlet. The comparison of results
in Figure 7 from TAMU and CSU inlets indicate that, under the
conditions of the field trials, there was reasonably good agree-
ment. Similar results were found also from comparisons with UMLBL
and AERO. Only periods with high gusty winds resulted in poor
reproducibility of coarse particle mass for TAMU inlets, con-
firming that under such conditions the improved inlets perform
more reliably. These results, however, cannot be considered
entirely typical, because of the quite low particle concentrations

and a narrow wind speed range prevailing during most test periods.
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4

inlet with a 50% cut size near 15 um is the size selective in-
let (SSI) for the US EPA-type Hi-Vol sampler, shown in Figure 8.

The only commercially available, high volume (1.13 m3 min~

It utilizes horizontal elutriation and impaction, and is also
sufficiently insensitive to wind speed changes. As can be seen
in the figure, to achieve the 15 um cut-off at such high flow
rates, the necessary dimensions of this type of inlet become

rather large.
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A comparison of total inhalable particle mass concentrations,
simultaneously collected with dichotomous and SSI Hi-Vol samplers,
is also shown in Figure 7. The SSI Hi-Vol collected more mass than
the dichotomous samplers. The additional mass is thought to be
partly due to artifact sulphate and nitrate formation during
sampling by reactions of ambient 802 and gaseous HNO3 with the
glass fibre filter of the Hi-Vol sampler (44). The Teflon membrane
filters, used with dichotomous samplers, are inert to 802 reactions,

but can create a negative nitrate artifact (loss).



It can be further speculated, that internal wall losses in the
dichotomous samplers (26) and/or the possibility of some re-
sampling of its own exhaust by the SSI Hi-Vol (45) may have further

contributed to the discrepancy.

It can be expected that all the 15 um inlet units will be redesigned
if CASAC's 10 um diameter cutpoint is the choice for the new U.S.

inhalable particle standard.

4 GRAVIMETRIC EVALUATION OF FILTERS

Perhaps the main limitation in the selection of a candidate
method/sampler for size-fractionated sampling of suspended
particulate matter is the need to have enough particle mass
collected during a 24-h sampling period for gravimetric eva-
luation. In relatively clean ambient air, the medium flow rate
samplers (e.g., dichotomous and sharp cut-off cyclone samplers)
will collect only sub-milligram quantities. For these, micro-
balances with at least 10 ug resolution and very careful filter
handling and weighing are required for reliable weighing results.
Additionally, erroneous gravimetric measurements may result from
water sorption on filters and electrostatic effects of membrane-
type filters. Since the latter have superior artifact formation
"resistance", their choice as the filtration medium is likely,
but even they have been shown to exhibit weight gains under
varying relative humidity conditions (46). Furthermore, some
types of membrane filters appear to carry residual charges,
additional to those acquired during air sampling, and these are
apparently hard to neutralize with conventional charge neutra-
lization procedures, and require lenghty conditioning (47). All
such complications are, of course, of considerably lesser impor-
tance for larger mass collections, obtained with high volume

samplers, such as the EPA-type Hi-Vol.
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As an alternative to microbalance weighing, beta-gauging methods
can be used (48,49). They have been shown to be equivalent in
accuracy to gravimetric method, require much less sample handling
and conditioning, and are advantageous for larger-scale monitoring

programs.

5 DISCUSSION

The methods/devices are discussed in order of decreasing

preference (as judged by the reviewer).

5.1 Fine/coarse particle sampling methods/devices

The following particulate matter samplers can be used to collect
both coarse and fine fractions of airborne suspended particulate

matter on filter media.

For the collection and evaluation of both coarse and fine par-
ticles on filters, the US-type dichotomous sampler has several
advantages. Field experience with commercial manual and automatic
models is accumulating (e.g., 22,44), although all the units

used have had a nominal 15 um upper cut inlets. Prototype wind-
insensitive inlets, with 10 um diameter cutpoint have been tested
so far only in the laboratory. The anticipated adoption of the
inhalable particle standard in the USA should, however, stimulate
their further development and evaluation, and quicken commercial

availability.

Although the dichotomous sampler is likely to be the most expensive
choice, it is purchased as a complete system. In a way, it is
unfortunately that the relatively low flow rate model (15 L min_1
for the fine fraction) is the one likely to become the accepted
"standard" (in preference to the earlier 50 L min_l version),

which in areas with very low particle concentrations may provide



only marginally sufficient mass for gravimetric evaluation (cf.
Section 4). Measurement reproducibility (with the same inlet) is
dependent on the amount of mass collected on the filters, and on
the care taken during filter handling and weighing. Figure 9 illu-
strates sample reproducibility obtained with TAMU inlet-equipped
dichotomous samplers and betagauging (44). The coefficient of
variation (i.e., the ratio of standard deviation to the mean)

is lower for fine fraction particles and improves with larger
mass loadings. The automated models are, in general, capable of

better reproducibility than the manual ones (22).
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Figure 9: Reproducibility of aerosol mass (measured by beta-gauge)
collected using TAMU inlets. Total collected mass cor-
responding to atmospheric concentrations of 20, 30 and
75 ug/m® and sampling periods of 24 hours are shown by
4, B and C, respectively (44).
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The US EPA-type high volume sampler is a time-proven ambient air
sampler. It retains its reliable performance with the addition of
the size selective inlet (SSI), but lacks a 2 um cutpoint fractio-

nator.

The use of existing high volume cascade impactor stages (e.g.,
Sierra or Andersen) for this purpose, without adhesive coatings,
appears inadvisable. Coarse particle bounce, reentrainment and
carry-over (16,17,22) are likely to distort both coarse and fine
particle measurements. Adhesion performance of various coating
materials for impaction stage substrates under different mass

loading and air temperature conditions has not been investigated.

The intake characteristics of the middle stages of commercial
high volume cascade impactors, when used individually as coarse/
fine particle fractionators, are also not known, and coarse par-
ticle loss from the coarse fraction sample cannot be ruled out.
Artifact formation may also be a potential problem (cf. Section

3.4.2) when glass fibre filters and substrates are used.

Field comparison tests under all weather conditions are needed
to assess the performance of an SSI Hi-Vol sampler, equipped
with an adhesive-coated substrate impaction stage for ca. 2 um

aerodynamic diameter fractionation (cf. Section 6).

S«1l.3 Tokal-fime particle sampler

The total-fine particle sampling method appears best suited for
medium flowrate applications. No commercial units are available
at this time. The parallel sampling arrangement requires an
upper cut inlet for the total sampler. For this dichotomous
sampler inlets could be used, but this would impose a relatively
low flow rate limitation and the associated weighing accuracy

problems.



The use of Hi-Vol samplers in a parallel arrangement (e.g., one
with SSI and another with a cyclone or sticky impaction stage)
would make such a "sampler" just simply too bulky for practical

routine use.

2.1.4 Two=filten sanpler

The two-filter sampler is promising in principle, as well as
inexpensive. It allows considerable flexibility in choosing
sampling rates. There is, however, not enough field experience

on whether adhesive-coated prefilters can overcome coarse particle
bounce. Dichotomous sampler inlet could again be used, provided
flow rate limitations and weighing accuracy is acceptable. More

development and testing work is needed (cf. Section 6).

5.2 Fine fraction only sampling methods/devices

The following samplers can be used to collect fine fraction
particles only. For these, special inlets are normally not

required.

A filter sampler with a cyclone preseparator, for removing the
coarse particle fraction, is relatively simple in construction
and operation. It allows considerable flexibility in sampling
rate selection. Cyclone separators do not overload, and particle
carry-over does not normally occur. Cyclone design has been
empirically improved to the point where their performance rivals
that of impactors in cut-off sharpness. Commercial availability,
however, is limited at the present time, but fabrication details

are found in the open literature.

5:2+,2 Impackepr/filtar ssmpley

A filter sampler with an impaction stage preseparator is even

easier to construct than a cyclone/filter sampler. Impaction



theory is now well understood, and it is possible to design an
impactor for a specific flowrate to provide the desired particle
cut-off with reasonable certainty. Coarse particle bounce, however,
can result in large oversampling errors for the fine particle
fraction. Coating of the impaction surface with sticky materials
minimizes carry-over, but, in addition, overloading of the impac-
tion stage must be avoided.

6 CONCLUSIONS

According to the literature reveiw conducted for this project,
it is concluded that to achieve the objective of coarse and fine
fraction collection (at ca. 2 um aerodynamic diameter cut point)
on filters and gravimetric evaluation, the following options are
available. They are largely based on commercially available, or
easily manufactured and assembled devices/components, and are

listed in order of decreasing preferance (as judged by the reviewer).

(a) US-type dichotomous sampler (coarse and fine fractions
collected on filters), with inlet of known upper size
cut and performance;

(b) high volume sampler (US EPA-type), equipped with size
selective inlet (SSI) and impaction stage(s); (Coarse and
fine fractions collected on adhesive-coated filter substrate

and filter, respectively.)

(c) total and fine particle (e.g., cyclone or adhesive coated
impactor equipped filtering device) samplers in parallel,
with inlet of known upper size cut-off and performance;

(Total and fine particles collected on filters.)

(d) two-filter sampler (coarse and fine fractions collected on
filters), with inlet of known upper size cut-off and
performance.
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If fine fraction evaluation alone is sufficient:

(e) cyclone preseparator and (after) filter for fine fraction

collection;

(f) adhesive-coated impactor preseparator and (after) filter for

fine fraction collection.

In options (e) and (f), the samplers do not require special

inlets with known cut-offs and performance.

i RECOMMENDATION

Becaugse of certain unresolved questions about options (a) and (b)
(Section 6), it is recommended that a field comparison sampling
program be initiated at selected sites and time periods, typical

of the Norwegian environment.

The comparisons should involve parallel sampling with duplicate:

(a) US-type dichotomous samplers;

(b) SSI Hi-Vol samplers, modified to incorporate for
the ca. 2 ym dia. cut a commercial (e.g., Sierra Hi-Vol
cascade impactor) impaction stage with adhesive-coated
substrate;

(c) SSI Hi-Vol samplers.

The aims of the comparison program should include the evaluation
oha
(i) reproducibility of inhalable fine, coarse and/or

total mass concentrations, for each sampler;

(ii) equivalence of inhalable fine, coarse and total mass
concentrations measured by dichotomous and modified

SSI Hi-Vol samplers;

(iii)equivalence of total inhalable particle mass concen-
trations measured by dichotomous, modified SSI Hi-Vol,

and SSI Hi-Vol samplers;
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(iv) best impaction stage substrate medium/adhesive material
combination(s) for the modified SSI Hi-Vol sampler;
(v) Dbest (after) filter material(s) for the SSI Hi-Vol

sampler to avoid or minimize artifact effects.

It would be beneficial to add a two-filter sampler to such an

evaluation program as well.
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