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Table 8-A.

General Types of Particulate Matter (PM)

Type of PM
Dusts

Mists

Fume

Biological
agents

Smokes

Sub-Type
General

Fibers

Biological
(not micro-
organisms)

Radioactive

General

Fog

All

All

All

Defining Characteristic

Produced by mechanical action on larger
pieces of the material (e.g., grinding,
cutting, tearing)

Dust classified because of its shape as
long thin tendrils

Typically organic dusts created by
disturbance of plant or animal materials

Radiotoxicity is often more significant than
chemical toxicity

Droplets of liquid. Always defined in the
context of an aerosol. Created by
mechanical action breaking liquid into
small particles

Droplets of liquid caused by
recondensation of vapor

Formed by the evaporation and rapid
condensation of metal vapor into very
small particles

These include living and non-living agents
that may be allergenic, toxigenic or
infectious

Smokes are the products of incomplete
combustion of organic materials. Created
by vaporization of organic material with
subsequent condensation. Sometimes
used interchangeably with “fumes”

Examples/Sources

Lead dust while scraping paint
Quartz dust when jack hammering

Ashestos
Ceramic fibers
Fiberglass

Wood dust
Cotton dust
Animal dander

Radon progeny
Radioactive waste
Uranium

Droplets from bubbling dip tanks
Paint overspray

Boiling acids in chemical digestion

Welding
Arc or torch cutting
Foundry work

Bacteria (and related organisms)
Viruses

Fungal spores
Prions

Diesel exhaust

Coke or coal powered furnaces
Human tissue during laser surgery
Second-hand cigarette smoke
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Table 8-G.  Some TIVs® with Respirable Particulate Mass (RPM) Standards

Particulate Matter TLV RPM (mg/m®) Comments

Cadmium 0.002 RPM TLV, but not part of OSHA standard

Coal Dust (Anthracite) 0.4 Under OSHA, limitis: 2.4 mg/m®
(Bituminous) 0.9 % SIi0s +2

where quartz is <5%. otherwise use OSHA
quartz formula

Diguat Dibromide 0.1 An herbicide, also has
nonrespirable TLV
Graphite 2.0 All forms except fibers
Kaolin 2.0 Under OSHA, standard still only exists in
mppct units.
Mica 3.0 Under OSHA, standard still only exists in
mppct units
Paraquat 0.1 A pesticide, also nonrespirable TLV
Particulates not otherwise classified (FNOC) 3.0 Under OSHA, 5 mg/m®
Silica:
Free crystalline (quartz, tridymite, cristobalite) 0.05 In Federal OSHA, the quariz standard is given by:
Tripoli 0.1 10 mg/m? (total respirable dust)
Fume 2.0 % Si0s+2
Fused 0.1 which is equal to essentially 0.1 mg/m® for
Diatomaceous earth 3.0 pure quartz. Tridymite and cristobalite limits

are given as 1/2 the quartz standard. Limits for
amorphous forms are given by:

80 mg/m? (total respirable dust)

% Si0s
Soap Stone 3.0 Also nonrespirable TLV
Tale 2.0 Mot containing ashestos. Under OSHA, standard

still only exists in mppcf units.
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Table 16-C.  Sampling Technigues for Collection of Airhorne Particulates

Sampling Technique Force or Mechanism Examples

Filters Combination of inertial Impaction, Intetcaption, Various types and sizes of fibrous,
diffusion, electrostatic attraction, and membrane, and nucleopore filters
gravitational forces with holders

Impactors Ingrtial-Impaction on a solid surface Single- and mulijet cascade Impactors

and single-stage impactors

Impingers Ingrfial~Impingement and capture in liquid ~~ Greenburg-Smith and midget impingers
media

Elutriators Gravitational separafion Horizontal and vertical elutriators

Electrostatic pracipiation Electrical charging with collection on an Tube type, point-to-plane, and plate
electrode of opposite polarty precipitators

Thermal precipiation Thermophoresis-Particle movement under — Vanious devices for particulate collection
the influence of a temperature gradient for microscapy analysis
In the direction of decreasing temperature

Cyclones Ingrfial-Centritugal separation with collection  Tangential and axial inlet cyclones
on a secondary stage In varying sizes

(Reprintad from Oecupational Respiratory Disaazas, Pub. no. DRAS (NIOSH) 86-102, 1986.)
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Table 16-D.  Salected NIOSH-Recommended Filters

Chemical NIOSH Sampling Method N Filtar
Copper 7300 MCE

Carbon black 5000 PVC

Mineral ofl mist 5026 PVC or MCE

Ashestos 7400 25-mm MCE

Arsenic trioxide as As 7901 NapCog-mpregnated MCE
12.4-Dichlorophenay) acefi acid 5001 GF

Analytical Method
Atomic emission spactroscopy
Gravimetric
Infrared spectrophotometry
Phase contract microscopy
Atomic absorption, graphits furnace
Higf-pressure iquid chromatography



Typical Air Sampling Filter Materials

Filter Material

(Characteristics

Tvpical Applications

Glass fiber

Polyvinylchloride (PVC)
Mixed cellulose ester (MCE)
Gelatin

Teflon
Polycarbonate

High particulate retention and wet
strength

Low tare weight

Dissolves easily

High moisture content, can be
pre-sterilized

Strong and chemically resistant

Glass-like surface, transparent and
straight-through pores

Gravimetric analysis

Gravimetric analysis
Metals and fibers
Airborne microbes

Acids, bases, and solvents
Gravimetric and
microscopic analyses




Table 8-E.  Filter Particulate Matter Collection Media Used in Industrial Hygiene

Plain Filters
Cellulose

Mixed cellulose
estar

PVC

Glass fiber
Polycarbonate
Silver membranea
Teflon

Nylon

3 berfsulfuric acid

Mixed cellulose ester/
sodium carbonate

Glass fiber/1-(2-pyridyl)
piperazine

Unusual Filters
OSHA versatile sampler

Polyurethane foam
(PUF) tubes

Diameters / Pore sizes
37 mm /undefined
2547 mm / 0.45-1.2 pm

25-47 mm / 0.8-5.0 pm

1347 mm /1.0 gm
2547 mm / 0.4-0.8 pm
25-37 mm / 0.45-0.8 pm
13-47 mm / 0.45-5.0 pm

25-37 mm, 1.0 um pore size
3747 mm [/ undefined
Characteristics

Stabilized MOCA on filter

Chemical reaction with isocyanates to stahilize
them on filter

Characteristics

Combination vapor/particle collectors. Filter
portion may be glass or quariz fibers

Very thick plugs of foam are used to collect
mist phase of mixed vapor/mist

Uses

Radioactive particles

Welding fume, ashestos, lead, cadmium, beryllium,
sodium hydroxide mist

Gravimetric dust, chromium paint overspray, silica,
aluminum oxide, cotton dust

PCB mist, carbaryl, chloramphenical
Ashestos for TEM
Coke oven emissions

Assorted polynuclear aromatic hydrocarbons (as in
soot, diesel exhaust, petroleum asphalt fumes,
cigarette smoke)

Diesel particles
Examples

4-amino biphenyl

4 4-methylene dianiling
MOCA

Arsenic trioxide

Toluene, diisocyanates, methylene,
diphenylisocyanate, 1 and 2 naphthylamine

Examples

Pesticides, organo-tin compounds, TNT, DNT,
phthalate esters, glycols

Pesticides, PCBs, dioxins, polynuclear aromatic
hydrocarbons (area samplers)
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Cellulosic

Figure 5-7: Cross-section through an MCEF fileer. Filters
are not sieves, but are more like mazes into which
particles are pulled and become trapped.
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Figurc 5-6: Photomicrograph of the surface of an air
sampling fileer. Filters used for collection of airborne
particulates do not merely gather martcrial on the surface;
some particulate is actually deposited within the filter.
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“TOTAL” PARTICULATE

A misnomer

Only includes
particulates that can be
collected by a 37-mm or
25 —mm filter cassette.




INHALABLE SAMPLERS

A personal sampler for inhalable particulate was
first developed by Mark and Vincent in 1986 at
the Institute of Occupational Medicine and was
named the IOM sampler.



IOM SAMPLER
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AN ALTERNATIVE INHALABLE
SAMPLER

Button Sampler

o Inlet has a screen
with numerous, evenly
spaced holes

o Holes act as orifices and
provide multidirectional
sampling capabilities




Collar clip

Curved sampling
head

Qutlet

A Button aerosol inhalable dust sampler is a reusable filter sampler with a porous ‘
curved-surface sampling inlet designed to improve the collection characteristics of
inhalable dust particles (<100 wm in aerodynamic diameter). (SKC)




Collar Clip

Cap Inlet Teflon Filter Support Os=ring
Section O-ring

Outlet Plug

Exploded view of the Button aerosol inhalable dust sampler.
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OTHER INHALABLE SAMPLERS

7-HOLE SAMPLING HEAD

Traditional European method using a 25-mm
filter and cassette with an end cap with 7
equispaced inlet holes with flows of 2.0 L/min.




OTHER INHALABLE SAMPLERS

Conical Inhalable Sampler (CIS)

Also known as the GSP Sampler. This
German sampler aspirates particles
through the inlet at 3.5 L/min onto
a 37-mm filter. Optional foam
plugs collect multiple size fractions.




OTHER INHALABLE SAMPLERS

Respicon
Particles are aspirated
through the inlet at 3.1
L/min and then eparated
into the 3 fractions:
inhalable; thoracic;
respirable.




OTHER INHALABLE SAMPLERS

CIP-10
A French sampler with 2
key components:
-Impactor/foam
pre-separator to retain
large particles
-A rotating cup with a
PUF ring that collects the
sample for gravimetric
analysis
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Gas
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Figure 1. Schematic diagram of a cvclone.
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ALUMINIUM CYCLONE

=7 Cassette outlet
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Sealing ring

Air flow

»

Filter support grid
Air Outlet Top

(to pump) -

Filter -,,_H
cassette i i
Bottom

Filter

Air flow E

Air inlet pipe ’

Grit Pot Transport clip

Figure 2.46 Exploded view of a respirable dust cyclone. (SKC)
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NYLONE CYCLONE




CYCLONE

o Cut-point?
o Cyclone?
o Flow Rate?

—




Aluminum
at 2.5 L/min

Each cyclone has
different operating
specifications and
performance criteria.

Be sure you know the
flow rate specified to
achieve the desired cut-
point before using a
cyclone.




FIRST THORACIC NIOSH METHOD

Metalworking Fluids

NIOSH Method 5524,
Issue 1 specifies a

2-um PTFE filter in a

37-mm filter cassette with
an optional thoracic
particulate sampler.
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PM IN INDOOR AIR USING A PERSONAL IMPACTOR

o Developed by researchers
at the University of S.
California to collect data
on the relationship
between outdoor and
indoor PM levels and to
assess personal exposures.

B
g
i
g
E
-
=
i

o Designed to partner with
a pump at 9 L/min for 24-

hr. ‘




355 2 e Se
PERSONAL CASCADE IMPACTOR

Four impaction stages
and after-filter:

02.5-10 um .
01.0-2.5 um %
00.5-1.0 um %
00.25-0.5 % i
0<0.25 um "




KONIMETER ,io.ssS

9.l 00l (359, odiummz 00be 51 S0 4Y L (5,9] pox axin
a0l ey b g 559, SO Gk 5l LS L St ey Lawgs
u‘)d uu)l.q.w Lg‘)" 69L-~o Cound Vo 449 0»39.3 u‘d;).'aa 0)9.4 Ao
Lo 0 O3 olaws™ & g0 a0 doeit o,led 5l e Sl 00U pacend’

-

Sg o0 )55 e i



CASCADE IMPACTOR 5:Sas] ouSulS

Ll 0ol b Gl oslail sl e 9 O3 (ST s (ol
Gl Al amio (g9, p oS Col ool LS (Jet)es o f’f,& S5 5
L OOW, S

HCORS A
Soliie o ojlail a7 51)3) 098 (0 iS5 eS (Jlgie job 4 la o i,
059 G b oad (3ledh oSy S awgi 0dd (65 o LSL? g0
(Anderson Ambient Sampler) . w,ul s aiges

DS oo 40325 00kl g 00,5 (gilulas Al e A oy @S
sl j0 0SS Impingement ol oll s b i)
355 oo plml bl 9, 32 (2959 S



NEW THORACIC SAMPLER

Parallel Particle Impactor
(PPI)

o Designed to give a precise
match to the thoracic
definition

o Has 4 internal impactors in
one sampler

o Used with any suitable 37-
mm filter at 2 L/min




PPI SCHEMATIC
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Figure 14.4. Casella Microdust-pro™ measures the

concentration of suspended particulate matter with ﬂﬂﬂlvzﬂl
a range of 0.001 mg/m* to 2500mg/m’. (Courtesy of d
Casella USA.)
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Figure 141, Diagram of a hght-scattering particl



|

Ligure 14.7. Met One [IIIPC- hand-held airborne
Pparticle counter measures size distribution of airborne
particles as well as their concentration. (Courtesy of
Hach Ultra Analvtics.)

e

Columnating Lens
Laser Dicode

g

(a) CQulet State,
no particles present.

other size distributions in the 0.3- to 20-pm
siFe range.

The mstrument measures particle =size
bw passing a collimated beam from a laser
diode through a wvery small SCNSING
chamber (Figure 14.823. The chamber
volume 1s so small that only one particle 1s
normally present at a time, and so at the
proper alrflow rate the outputl signal from
the photodetector is proportional to the
particle diameter (Figure 14.9). Careful cal-
ibration and operation of the mstrument
is= important to avoid situations where
sizing or counting errors might occur.
Thes=se 1nclude high particle concentrations
causing multiple particles to be in the
sensing chamber at one time. or incorrect
residence time for the particle in the
chamber since too short a time will cause
an underestimation of size while too long a

Reflector

Sensing
e Wolume

-=+— Light Trap

4@:— Photo Detector

Laser Diﬂdk‘

-~ Reflactor

Sensing

/ Volume
il

(b)) Sensing State, particle

-+— Light Trap

Photo Detector

e

in the Sensing Volume.

{sensing scattered light)

figure 14.8. The Met One HHPC-6 collimated laser beam sensing chamber: (a) With no particle present
and (b)) with a particle in the sensing volume. (Courtesy of Hach Ultra Analvtics. )
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PM IN INDOOR AIR
USING THE PERSONAL ENVIRONMENTAL MONITOR (PEM)

o Personal single-
stage impactor of
various models for

use with pumps at
2,4 or 10 L/min

o Referenced in EPA
method IP-10A for
particles 1n indoor
alr using

gravimetric
analysis ‘




US EPA REFERENCE METHODS FOR
PM IN AMBIENT AIR

3A




TRANSPORTABLE SAMPLERS FOR
PM IN AMBIENT AIR

Deployable Particulate Sampler (DPS) ‘
(PM10 Cat. No. 100-3901)




REAL-TIME MONITORS
FOR PM IN AMBIENT AIR

o Laght-scattering
device with internal
datalogger

o Internal pump and
size-selective
1mpactor for PM

o Real-time monitor
with concurrent
sample collection

(Cat. No. 770-) ‘
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Isokinetic Sampling: Air flow in tube matches flow in duct

- - - -

Oversampling: Aipflow in tube is less than flow in duct

Particles follow air flow
lines perfectly, resulting
in representative
sampling of particulate
matter in a flowing
aerosol.

Particles cannot
follow vena contracta
formed by sampling at
a rate exceeding
acrosol flow rate,
resulting in loss of
larger particles from
the sampling system

Particle inertia causes
them to depart from
the airflow and enter
the sampling head.
even as the air in
which they were
traveling goes around
the head.

Figure 8-10. Sampling error introduced by nonisckinetic sampling.




