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RELATIVE SIZE OF PARTICLES

INHALABLE

» Respirable:
4 micron

RESPIRABLE

 Thoracic:
10 micron

THORACIC

* Inhalable:
100 micron
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1 n m -
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37-mm Filter Cassettes
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Source: United States. Occupational Safety and Health Administration.
Hexavalent Chromium. 30 Apr 2009 <http://www.osha.gov/dts/sltc/methods/
inorganic/id215_v2/id215_v2.html>
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Accu-CAP Internal Capsule Sampler : J> o,
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SAMPLER: [INTERNAL CAPSULE

(tared 37-mm, 2- to 5-um PVC filter melded to
PVC housing) in 37-mm 2-piece cassette



SKC SOLU-CAP® . | of,

Designed by NIOSH for CHEMICAL analysis of METALS
(elements)

Acid digestible dome material heat sealed to an MCE filter

Pre-loaded into 2-piece 37-mm cassettes with support pads
(SKC 225-8517)

After sampling, all the dust inside the dome or on the filter is
chemically analyzed using ICP by NIOSH 7306.

ELEMENTS by Cellulosic Internal Capsule Sampler 7306

SAMPLER: Internal capsule, cellulose acetate dome with
inlet opening, attached to 0.8-um pore size
mixed cellulose ester (MCE) membrane filter
and housed within a 2-piece, closed-face

cassette (CFC) filter holder, 37-mm diameter
15
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Air with
s Contaminants Solu-CAP™ = No Sample Losses!
olu-CAP Enters Here Cassette i
Cassette Insert /et 100% Sample Contained
Section
Fibers Eliminate sample loss from:
Cellulose and

Pad —=——  Particles X Excessive filter loading during collection

% X Filter transfer in the lab

X Cassette wall losses

N
Cassette Outlet
Section

Accu-CAP#®s are Easy to Use

pen SKC 2-piece cassette @ Insert weighed Accu-CAP.
and insert support.

© Complete cassette
assembly. After sampling,
remove Accu-CAP from
cassette and weigh.

16
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100

Inhalable

Thoracic

Respirable

Fraction Sampled
o
=

0 R : — e
1 10 100
Aerodynamic Diameter (um)

Figure 1. ISO/ACGIH/CEN sampling conventions [ISO 1995]. An ideal sampler should
have a sampling efficiency curve that matches one of these curves as closely as possible
under all wind directions and velocities. The 50% cut points for the respirable and thoracic
conventions are 4 and 10 pm, respectively.
18
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* Inhalable Particulate Mass Dust particles having a 50% cut-
point of 100 um. These dust particles are hazardous when
deposited anywhere in the respiratory tract.

« Thoracic Particulate Mass Dust particles having a 50% cut-
point of 10 pm. These dust particles are hazardous when
deposited anywhere in the lung airways and gas-exchange
regions.

* Respirable Particulate Mass Dust particles having a 50%
cut-point of 4 um. These dust particles are hazardous when
deposited anywhere in the gas-exchange regions.

20
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

SAMPLER: CYCLONE + FILTER (10-mm nylon cyclone,
Higgins-Dewell [HD] cyclone, or aluminum
cyclone + tared 5-um PVC membrane)

FLOW RATE: nylon cyclone: 1.7 L/min
HD cyclone: 2.2 L/min

Alcyclone: 2.5 L/min 22
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* Inhalable samplers:
— IOM

— Button sampler

* Thoracic samplers:

— GK2.96 cyclone
— Thoracic Parallel Particle Impactors (PP1)

* Respirable samplers:
— Higgins& Dewell (HD) cyclone
— Dorr-Oliver (Nylon) cyclone
— SKC Aluminum cyclone
— SKC Respirable PPI

25
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Exploded View
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Polyurethane foam discs (SKC 225-772) -
RY PP CIPEN SRR Inhalable Clyd pgd

Dust on Filter = Respirable fraction
Dust on Filter + Foam = Inhalable fraction

Foam
insert

Cassette |

front \ / . p b
\ 2.

Filter e - g

Cassette # .
support N
grid
Figure 7. Foam inserted into cassette
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Exploded view of the Button aerosol inhalable dust sampler.
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Table 11.2 A Selection of Inhalable Personal Aerosol Samplers

Sampler Flow Rate ~ Notes
(1/min)
IOM inhalable 2 Uses filter cassette. Susceptible to large
projectiles. Wind speed dependent. Figure 11.7.
CIP-10I 10 Rotating porous foam acts as an air mover, and
collection medium. Figure 10.9.
GSP inhalable 3.5 Conical inlet sampler. Figure 11.10b.
Conical inhalable 3.5 Based on the GSP sampler. Figure 11.10c.
Seven hole 2 Also known as the multiorifice,
Sampler or UKAEA sampler.
Single hole 2 Used for lead aerosol sampling in the U.K.
PAS-6 Conical inlet sampler. Figure 11.10a.
Button sampler 4 Perforated inlet reduces wind speed

dependence and intersampler variability, and
leads to a uniform filter deposit. Figure 11.8.
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particulate.

NIOSH 0500: Do not exceed a total filter loading of approximately 2 mg total dust.
NIOSH 0501: Do not exceed a total filter capsule loading of approximately 5 mg total dust
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ACGIH Thoracic TLVs (2016)

Cotton Dust-TLV of 0.1 mg/m?3
Sulfuric acid-TLV of 0.2 mg/m3

Hard Metals containing cobalt and tungsten carbide as Co-
TLV of 0.005 mg/m?3
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NIOSH 5524

METALWORKING FLUIDS (MWF) ALL CATEGORIES 5524
DEFINITION: Metalworking fluids CAS: None RTECS: None
METHOD: 5524, Issue 2 EVALUATION: FULL Issue 2: 29 Decemnber 2014

Issue 1: 15 March 2003

O5HA : No PEL

NIOSH: 0.4 mg/m? as thoracic fraction
(0.5 mg/m? as ‘total’ aerosol)

Other

OFLs:  [1,2]*

FROPERTIES:

Not defined. Fluids may contain varying
amounts of mineral oil, emulsifiers, water,
alkanclamines, polyethoxyethanols, biocides,
surfactants, pressure additives and boron
compounds.

SYNONYMS: Metalworking fluids {MWF), metal removal fluids, machining fluids, mineral oils, straight fluids, soluble fluids,

synthetic fluids and semi-synthetic fluids

S5AMPLING MEASUREMENT
SAMPLER: Thoracic particles: FILTER + CYCLOME (tared TECHNIQUE: Gravimetric
37-mm, 2-pm polytetrafluorcethylene (PTFE)
filter + thoracic cyclone) ANALYTE: Airborne metalworking fluid aerosol
Total particulate: tared 37-mm, 2-um PTFE )
filter EXTRACTION:  Ternary solvent: dichloromethane:
methanoltoluene (1:1:1)
FLOW RATE: Thoracic - 1.6 L/min, Binary solvent: methanol: water (1:1)
Total = 2 Limin o
BALANCE: 0.001 mg sensitivity; use same balance

VOL-MIN: 768 L at 0.4 mg/m? or 0.5 mg/m?
MAX: Mot determined

before and after sample collection

37



Thoracic cyclone
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Figure 11.11 GK 2.69 cyclone (BGI Inc.,, US.A.). The sampler may be used for either respirable or
thoracic aerosol sampling. 38
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Table 11.3 A Selection of Thoracic Aerosol Samplers

Sampler Flow Rate Notes
(1/min)
Elutriator 7.4 Static sampler. Specific to cotton dust.
CIP-10T 7 CIP-10I with a thoracic separation stage.
Figure 11.9.
CATHIA 7 Static version of the CIP-10T.
IOM thoracic 2 Separation based on PUF
GK 2.69 cyclone 1.6 Can also be used as a respirable sampler
(Table 11.4). Figure 11.11.
PEM Model 200 4,10 PM,, personal sampler. Figure 11.12.
IOM inhalable + 2 IOM inhalable sampler with a size-selective

thoracic foam PUF insert.

39



SKC Thoracic samplers

Thoracic Parallel Particle Impactors (PPI)
&S e, 37-mm sLs o 2 L/mIn oo b
19 el 00y 4zl NIOSH 5524 g, Lal 5l oxs oye
| 0035 LS‘ O)LUJ‘ d.l.a.wg LJ"‘ L 0”9) LJ"‘
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SKC Thoracic PPlIs

« REUSABLE SAMPLER  DISPOSABLE SAMPLER
Made of anodized aluminum Made of conductive plastic

SKC 225-381

SKC 225-386

¢



PPl Schematic

rks. Dust enters here

Inlet plate
Dust enters here e plate (contains

4 impactors with unique
cut-points preloaded with

4 impaction substrates
and sonically welded)

Disposable
| Impaction
Protective — Standard 37-mm substrates (4)

end cap collection filter*

— 37-mm support
pad*

Exhaust g
to pump Standard 37-mm
collection filter and
Base plate support
| = Base plate
Exhaust to pump with exhaust

Collar clip

Disposable PPI Reusable PPI £
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of thoracic samplers
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Figure 11.14 Respirable cyclone samplers: (a) Higgins and Dewell or SIMPEDS cyclone, (b) Dorr-
Oliver (nylon) cvclone, and (¢) SKC aluminum cyclone (SKC Inc., USA). 44



PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

DEFINITION: aerosol collected by sampler CAS: None RTECS: None
with 4-um median cut point

METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1:15 February 1984
Issue 3: 15 January 1998

OSHA: 5 mg/m’ PROPERTIES: contains no asbestos and quartz less than 1%;
MIOSH: no REL penetrates non-ciliated portions of respira-
ACGIH: 3 mg/m® tory system

SYMONYMS: nuisance dusts; particulates not otherwise classified

SAMPLIMNG MEASUREMENT
SAMPLER: CYCLOME + FILTER (10-mm nylon cyclone, TECHMIQUE: GRAVIMETRIC (FILTER WEIGHT)
Higgins-Dewell [HD] cyclone, or aluminum
cyclone + tared 5-pm PVC membrane) AMALYTE: mass of respirable dust fraction
FLOW RATE: nylon cyclone: 1.7 Limin BALANCE: 0.001 myg sensitivity; use same balance
HD cyclone: 2.2 L/min before and after sample collection

Al cyclone: 2.5 Limin
CALIBRATIOM:  Mational Institute of Standards and

VOL-MIN:  20L @ 5 mg/m’ Technology Class 5-1.1 or ASTM Class 1
-MAX:  400L weights
SHIPMENT: routine RAMGE: 0.1 to 2 mg per sample
SAMPLE ESTIMATED LOD: 0.03 mg per sample
STABILITY: stable
PRECISION: <10 pg with 0.001 mg sensitivity balance;
BLAMKS: 2 to 10 field blanks per set <70 pg with 0.01 mg sensitivity balance
(3]

45



SKC ;I el v

= y SKC Aluminum Cyclone
' at 2.5 L/min

SKC GS-3 Cyclone
at 2.75 L/min

e SKC 225-103 25 mm SKC 225-01-01 25 mm

e SKC 225-100 37 mm - SKC 225-01-02 37 mm

SKC GS-1 Cyclone SKC Plastic Cyclone

at2.0 L/min at2.2 L/min
(From SKC Ltd. in UK)

SKC 225-105 SKC 225-69
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2 L/min: 225-385 ,
4 L/min: 225-387

8 L/min: 225-384

SKC Respirable PPI

« Single-use, disposable PPI
models are available for use at
either 2, 4, or 8 L/min.

« This provides flexibility in
pump option and sample
duration for various airborne
concentrations.

Flexible
tubing

Calibration
adapter

Sample
pump

Flexible
tubing

Disposable PPI

Calibrator 49



Penetration, P, %

100

75

U1
o

25

PP1 Sampler performance
compared to criteria

- = = ISO/CEN Respirable Criteria

Respirable PPI, 2.0 L/min

Respirable PPI, 4.0 L/min

Respirable PPI, 8.0 L/min

> 10
Aerodynamic Particle Diameter, d_, ™m
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Table 11.4 A Selection of Respirable Personal Aerosol Samplers.

Sampler Flow Rate Notes
(1/min)

CIP-10R 10 CIP-10I with a respirable separation stage.
Figure 11.9.

SIMPEDS cyclone 22 Also known as the Higgins and Dewell (HD)
cyclone. Figure 11.14.

SKC cyclone 19-275 Sampling flow rate depends on cyclone type
and respirable convention used. Figure 11.14.

GK 2.69 cyclone 42 Can also be used as a thoracic sampler
(Table 11.3). Figure 11.11.

Dorr-Oliver 1.7 Sampler constructed from nonconducting

(10 mm) cyclone nylon. Figure 11.14.

MRE 113A 2.5 Static sampler. Use limited to sampling

(gravimetric dust in mines. Figure 11.13.

sampler)

IOM inhalable + 2 IOM inhalable sampler with a size-selective

respirable foam PUF insert.

Foam cyclone 2 Cowled sampler with size-selective PUF
Figure 11.16.

Virtual cyclone 3.3 Provides a good match with the respirable

convention slope. Figure 11.15.
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|AQ Investigations
Infection control in hospitals and veterinary clinics
Quantification of microorganisms in agricultural dust
Biological research
Infectious disease investigations in public buildings

Safety concerns In the food handling industry
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BULK SAMPLING
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SURFACE SAMPLING

Microvacuum cassettes

D9y o0 )0 S g0 9 (0,8 5l o 7,8 el (g5l 0 diges (sl

sl aG Y conls S5 1,0 0,45 um el S b il gz cnlS ol

35S o el @)‘16 L/min Seld b g,lon digas

Normal- <5,000/1000 cm?
Borderline- 25,000/1000 cm?
Elevated- >75,000/1000 cm?
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SKC 225-2402

SURFACE SAMPLING

STERILE WIPES

T (59 3 Jo il T b ouls Ggb o yiid b Olguw S5
Og.w <® GM“ "

ClS B 09 o0 oo ST S buo (g9 g3 g

 Normal: <1,500 cfu/cm?
e Probable Contamination: >1,500 cfu/cm?
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AIR SAMPLING

Air Sampling for Bioaerosols
* Impactors
 Filters or

 Liquid-based (impinger-type) devices

Bioaerosol Samplers
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Air sampling
sporetrap cassettes

WS o ool adss Ve Lo 15-30 L/min Sold b oo 5l
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Acceleration
Air q?:,-.- Nozzle
Streamline O
Impaction
_ N Plate

Particle too iy \Impacmd
Small to Impact p Particle
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Data interpretation
spore traps

November 2001 AIHA Synergist guidelines for
Air samples:

Residential Buildings:
Normal: <5,000 spores/m?3
Probable Contamination: >10,000 spores/m?

Commercial Buildings:
Normal: <2,500 spores/m?3
Probable Contamination: >10,000 spores/m?
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Air sampling
viable cascade impactor

Specified in NIOSH Methods
0800 and 0801

Used with a pump at 28.3
L/min for typical sample times
of 2-5 minutes

Bioaerosols impact onto
growth medium (agar).

Agar plates are shipped

to a microbiology laboratory
for growth culture.

QUICKTAKE 30 PUMP



SKC BIOSTAGE
Sampler preparation
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AIR SAMPLING
FILTERS
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Gelatin filters
with SKC Button sampler
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Air sampling
collection into liquid

B Jslox) qalo o 55 i gy s
eox SKC VIAtrap soxe ;eq, b 58,
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Biosampler
SKC 225-9595

ADVANTAGE: 8-hr sampling



Ayo agly Bk sl eyleo Las o ls J5LY

Sold legazma aS 5,00 4.2 L/min seke Jib e

ol @ ldgwgplen g 51 o J5
S oo (5 S ol

Ol 5o g enis Z) hew 3l ldgwg il pioren
(a8l o

66



)J.W.da.u L W LS)BT Eo> digod LS‘):’ s LSLQ}?]L;‘

Growth culture
Microscopic
Bioassay
Immunoassay
PCR
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Diagram of a Light-scattering particle analyzer

Sample Chamber

Light Source P
_ @ © e Light Trap
- EEEEEEEEE B rnnrnn s nnanndann <

i -ﬂ Photo Detector
(sensing scattered light)

Figure 14.1. Diagram of a light-scattering particle
analyzer.
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Some typical nephelometers

|t responds to a particle

« Measurement range from
0.001 to 100 mg/m3

Figure 14.2. TSI DUSTTRAK™ aerosol monitor
with a measurement range from 0.001 to 100mg/m°.

(Courtesy of TSI, Inc.)

size range of 0.1 tolOum.
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Grimm Dust Monitor
Model 1.108/1.109

Size channels:
15 channels (1.108)

0.3/0.4/0.5/0.65/0.8/
1.0/16/2/3/4/5/7.5/
10/ 15/ 20 micron

Particle concentration:
1 to 2.000.000

particles/liter
Dust mass range:
0.1 to 100.000 pg/m?
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DataRAM-4 Portable Particle Sizing
Aerosol Monitor

* This measures mass
concentrations of
alrborne dust,
smoke, mist, haze,
and fumes, while

providing
continuous real-

I‘.‘igure 14.6. Therr.no Electron DataRAM-4™ re:al- tlme re_adOUtS Of

i e e both air temperature

air temperature and humidity. (Courtesy of Thermo 11
Electron Corporation.) an d h u m | d Ity'
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One stage of a quartz microbalance impactor

Air From Impactor Nozzle

il

werfeorbend e itiotor A

Sensing
Crystal

T...L.| Oscillator B

Digital |, Output
Analyzer Signal
Ly

Air to Next Impactor Stage

Reference
Crystal

Figure 14.10. One stage in a quartz crystal microbalance impactor showing how particles collect on the
sensing crystal. This causes a decrease in its oscillating frequency relative to the reference crystal that is

proportional to the mass of the deposited particles.
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QCM Cascade Impactor Air Particle Analyzer

e This Instrument is a
10-stage inertial
Impactor that each
stage consists of a
pair of quartz
crystals that
function as a very
sensitive

Figure 14.11. The 10-stage QCM cascade impactor air -

particle analyzer provides real-time aerosol size and mlcrObaIance
concentration data, plus the particles deposited on

each sensing crystal can be analyzed to identify their

chemical composition. (Courtesy of California Mea-

surements, Inc.)
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