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DISCLAIMER
This report was prepared as the result of work sponsored by the
California Energy Commission. It does not necessarily represent
the views of the Energy Commission, its employees or the State
of California. The Energy Commission, the State of California, its
employees, contractors and subcontractors make no warrant,
express or implied, and assume no legal liability for the
information in this report; nor does any party represent that the
uses of this information will not infringe upon privately owned
rights. This report has not been approved or disapproved by the
California Energy Commission nor has the California Energy
Commission passed upon the accuracy or adequacy of the
information in this report.











• Buildings End-Use Energy Efficiency
• Industrial/Agricultural/Water End-Use Energy Efficiency
• Renewable Energy
• Environmentally-Preferred Advanced Generation
• Energy-Related Environmental Research
• Strategic Energy Research.











1.0 Introduction

1.1. Background

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
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1.2. Information Gathering



Table 1 . List of Individuals and Companies Included in the Survey

1.3. Report Organization



2.0 Particulate Matter Measurements

2.1. Mass Measurements, Fixed Site

2.1.1. Gravimetric, Filter-Based



2.1.2. Continuous Mass Measurements

2.1.2.1. Commercial Systems



2.1.2.2. Developing and Research Systems



2.2. Particulate Constituent Measurements, Fixed Site

2.2.1. Commercial Instruments





2.2.2. Research Instrument Development

2.3. Particulate Matter Mass, Personal Monitors

2.3.1. Commercial Instruments, Gravimetric



2.3.2. Research Instruments, Gravimetric



2.3.3. Commercial Instruments, Continuous

2.3.4. Research Systems

2.3.4.1. Continuous

2.3.4.2. Personal Monitor



2.4. Particulate Matter Mass, Indoor Monitors

µ

3.0 Particle Counts and Size Distributions

3.1. Ambient Measurement Systems

3.1.1. Commercially Available Particle Counters



3.1.2. Research Particle Counting Systems

3.2. Ambient Particle Size Measurement Systems

3.2.1. Commercially Available Systems

3.2.1.1. Indoor and Personal Monitoring



4.0 Gas Monitoring Systems

4.1. Fixed Site Monitors

4.2. Personal Monitors



5.0 Organic Compound Monitors

5.1. Fixed Site Monitors



Table 2. PAMS Minimum Monitoring Network Requirements

Population
of MSA/CMSA1

Required
Site Type

Minimum VOCs
Sampling
Frequency2

Minimum Carbonyl
Compounds Sampling
Frequency2

Less than 500,000 (1) A or C -
(2) A or C D or F

500,000 to 1,000,000 (1) A or C -
(2) B E
(3) A or C -

1,000,000 to 2,000,000 (1) A or C -
(2) B E
(3) A or C -

1Whichever area is larger.
2Frequency requirements are as follows:

A = Eight 3-hour samples every third day and one additional 24-hour sample every sixth day during the monitoring period.
B = Eight 3-hour samples every day during the monitoring period and one additional 24-hour sample every sixth day year-

round.
C = Eight 3-hour samples on the 5 peak O3 days plus each previous day, eight 3-hour samples every sixth day and one

additional 24-hour sample every sixth day during the monitoring period.
D = Eight 3-hour samples every third day during the monitoring period.
E = Eight 3-hour samples on the 5 peak O3 days plus each previous day and eight 3-hour samples every sixth day during the

monitoring period.
F = Eight 3-hour samples on the 5 peak O3 days plus each previous day, eight 3-hour samples every sixth day and one

additional 24-hour sample every sixth day during the monitoring period.



Table 3. Air Toxics of the Greatest Potential Concern

acetaldehyde coke oven emissions mercury compounds
acrolein 1, 3-dichloropropene methylene chloride
acrylonitrile diesel particulate matter nickel compounds
arsenic compounds ethylene dibromide perchloroethylene
benzene ethylene dichloride polychlorinated biphenyls (PCBs)
beryllium compounds ethylene oxide polycyclic organic matter (POM)*
1, 3-butadiene formaldehyde propylene dichloride
cadmium compounds hexachlorobenzene quinoline
carbon tetrachloride hydrazine 1, 1, 2, 2-tetrachloroethane
chloroform lead compounds trichloroethylene
chromium compounds manganese compounds vinyl chloride
*Also represented as 7-PAH
Source: U. S. Environmental Protection Agency

5.2. Personal and Indoor Sampling



Table 4. Suppliers for Passive Sampling Badges



Table 5. Organic Compounds Determined with Passive Badges and Typical Detection Limits
Based on an 8-hour Sample.

CAS No. Chemical Name Det. Limit
(ppm)

CAS No. Chemical Name Det. Limit
(ppm)

141-79-7 Mesityl oxide 0.075 67-64-1 Acetone 0.1
109-86-4 Methoxyethanol

(Me Cellosolve)
0.3 75-05-8 Acetonitrile 0.2

110-49-6 Methoxyethyl acetate
(MeCSAc)

0.1 107-13-1 Acrylonitrile 0.1

96-33-3 Methyl acrylate 0.1 107-18-6 Allyl alcohol 0.1
67-56-1 Methyl alcohol

(methanol)
0.3 107-5-1 Allyl chloride 0.8

71-55-6 Methyl chloroform
(1,1,1-TCA)

0.2 628-63-7 Amyl acetate 0.1

108-87-2 Methyl cyclohexane 0.05 71-43-2 Benzene 0.05
78-93-3 Methyl ethyl ketone

(2-butanone)
0.1 106-99-0 Butadiene 0.1

107-31-3 Methyl formate 0.3 71-36-3 Butanol 0.1
110-12-3 Methyl isoamyl ketone 0.1 75-65-0 Butanol 0.1
108-11-2 Methyl isobutyl

carbinol
0.1 78-92-2 Butanol (sec-butyl alcohol) 0.1

108-10-1 Methyl isobutyl ketone
(hexone)

0.1 111-76-2 Butoxyethanol (Butyl
Cellosolve)

0.1

80-62-6 Methyl methacrylate 0.1 123-86-4 Butyl acetate 0.1
107-87-9 Methyl propyl ketone

(2-pentanone)
0.1 540-88-5 Butyl acetate 0.1

109-87-5 Methylal
(dimethoxymethane)

0.2 141-32-2 Butyl acrylate 0.1

108-87-2 Methylcyclohexane 0.05 1634-04-4 Butyl methyl ether (MTBE) 0.8
75-09-2 Methylene-chloride 0.3 56-23-5 Carbon tetrachloride 0.2
91-20-3 Naphthalene 0.3 108-90-7 Chlorobenzene 0.05
111-84-2 Nonane 0.04 74-97-5 Chlorobromomethane 0.3
111-65-9 Octane 0.04 67-66-3 Chloroform 0.2
109-66-0 Pentane 0.1 126-99-8 Chloroprene 0.7
127-18-4 Perchloroethylene

(PCE)
0.1 98-82-8 Cumene 0.3

108-65-6 Prop. Glycol.; methyl
ether acetate

0.1 110-82-7 Cyclohexane 0.1

109-60-4 Propyl acetate 0.1 108-93-0 Cyclohexanol 0.05
71-23-8 Propyl alcohol 0.2 108-94-1 Cyclohexanone 0.05
106-94-5 Propyl bromide 1.5 123-42-2 Diacetone alcohol 0.1
78-87-5 Propylene dichloride 0.1 1717-00-6 Dichloro-1-fluoroethane

(HCFC141b)
0.25

107-98-2 Propylene glycol
methyl ether

0.2 75-71-8 Dichlorodifluoromethane
(CFC12)

2.4

110-86-1 Pyridine 0.1 75-34-3 Dichloroethane 0.1



Table 5 (cont’d). Organic Compounds Determined with Passive Badges and Typical Detection
Limits Based on an 8-hour Sample.

CAS No. Chemical Name Det. Limit
(ppm)

CAS No. Chemical Name Det. Limit
(ppm)

100-42-5 Styrene 0.04 107-06-2 Dichloroethane (EDC) 0.1
540-59-0 Dichloroethylene 1 76-11-9 Tetrachloro-2,2-

difluoroethane
0.5

75-43-4 Dichlorofluoromethane
(CFC21)

1 109-99-9 Tetrahydrofuran (THF) 0.1

76-14-2 Dichlorotetrafluoroethane
(CFC114)

0.6 108-88-3 Toluene 0.04

68-12-2 Dimethyl formamide
(DMF)

0.1 79-00-5 Trichloroethane 0.1

123-91-1 Dioxane 1.1 71-55-6 Trichloroethane
(methylchloroform)

0.2

106-89-8 Epichlorohydrin 0.1 79-01-6 Trichloroethylene (TCE) 0.1
110-80-5 Ethoxyethanol

(Cellosolve)
0.1 76-13-1 Trichlorotrifluoroethane

(CFC113)
0.2

111-15-9 Ethoxyethyl acetate
(EthylCell)

0.1 108-67-8 Trimethylbenzene
(mesitylene)

0.04

141-78-6 Ethyl acetate 0.1 108-05-4 Vinyl acetate 0.1
140-88-5 Ethyl acrylate 0.1 593-60-2 Vinyl bromide 0.1
64-17-5 Ethyl alcohol (ethanol) 0.5 75-01-4 Vinyl chloride 0.1
60-29-7 Ethyl ether 0.1 75-35-4 Vinylidene Chloride

(1,1 DCE)
0.1

687-47-8 Ethyl lactate 1.5 1330-20-7 Xylenes 0.05
100-41-4 Ethylbenzene 0.04 872-50-4 1-Methyl-2-pyrrolidinone 1
107-07-3 Ethylene chlorohydrin 0.125 100-44-7 Benzyl chloride 0.1
106-93-4 Ethylene dibromide 0.1 8/6/2426 Butyl(n)glycidyl ether 0.6
110-71-4 Ethylene glycol

dimethyl ether
0.8 76-22-2 Camphor 0.05

75-69-4 Fluorotrichloromethane
(CFC11)

2.1 2039-87-4 Chloro(o)styrene 0.1

142-82-5 Heptane 0.05 95-49-8 Chloro(o)toluene 0.1
110-43-0 Heptanone (methyl

amyl ketone)
0.1 106-46-7 Dichlorobenzene 0.05

110-54-3 Hexane 0.4 95-50-1 Dichlorobenzene 0.4
591-78-6 Hexanone (MBK) 0.1 111-44-4 Dichloroethyl ether 0.1
123-92-2 Isoamyl acetate 0.1 77-73-6 Dicyclopentadiene 0.1
123-51-3 Isoamyl alcohol 0.1 108-83-8 Diisobutylketone 0.1
110-19-0 Isobutyl acetate 0.1 34590-94-8 Dipropylene Glycol Methyl

Ether
1

78-83-1 Isobutyl alcohol 0.1 78-59-1 Isophorone 0.05
108-21-4 Isopropyl acetate 0.1 4016-14-2 Isopropyl glycidyl ether

(IGE)
0.1

67-63-0 Isopropyl alcohol 0.25 98-83-9 Methyl styrene 0.04
108-20-3 Isopropyl ether 0.1 101-84-8 Phenyl ether 0.1
5989-27-5 Limonene

(as dipentene)
0.1 25013-15-4 Vinyl toluene

(methyl styrene)
0.04



6.0 Monitoring for Distributed Generation Emissions

6.1. Strategy for Air Monitoring

6.1.1. Ambient Impacts of Power Plant Siting

6.1.1.1. Emissions

6.1.1.2. Ambient Monitoring Strategy



6.1.1.3. Indoor and Personal Monitoring Strategy



6.2. Monitor Needs

6.2.1. General Requirements



6.2.2. Ambient Air Monitors

6.2.2.1. PM(10–2.5)

6.2.2.2. PM2.5



6.2.2.3. NOx

6.2.2.4. NOy

6.2.2.5. Particle Number Concentration

6.2.3. Indoor and Personal Monitors



6.2.3.1. PM(10–2.5)

6.2.3.2. PM2.5

6.2.3.3. Particle Number Concentrations



6.2.3.4. NOx and NOy

7.0 Reporting Measurement Results



• 

• 



• 

• 





8.0 Conclusions and Recommendations





9.0 References







10.0 Glossary

ATOFMS Aerosol Time of Flight Mass Spectrometer
BAM Beta Attenuation Monitor
BC Black Carbon
CAMM Continuous Aerosol Mass Monitor
CNC Condensation Nuclei Counter
DMA Differential Mobility Analyzer
EAD Electrical Aerosol Detector
EC Elemental Carbon
ELPI Electrical Low Pressure Impactor
ETS Environmental Tobacco Smoke
FDMS Filter Dynamics Measurement System
FEM Federal Equivalent Method
FRM Federal Reference Method
MSHA Mine Safety and Health Administration
NAMS National Air Monitoring Station
OC Organic Carbon
PAH Polycyclic Aromatic Hydrocarbon
PAMS Photochemical Assessment Monitoring Station
PCIS Personal Cascade Impactor Sampler
PEM Personal Environmental Monitor
PILS Particle into Liquid System
PMASS Personal Micro-Environmental Aerosol Speciation Sampler
RAMS Real-time Ambient Monitoring System
SCC Sharp-Cut Cyclone
SEAS Semi-continuous Elements in Aerosol System
SEM Scanning Electron Microscope
SES Sample Equilibration System
SLAMS State and Local Air Monitoring Station
SMPS Scanning Mobility Particle Sizer
TEOM Tapered Element Oscillating Microbalance
WINS Well Impactor Ninety-Six
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Appendix I

List of Vendors for Sampling Equipment

Vendor Address Web Address

Aerosol Dynamics Inc. 2329 Fourth Street
Berkeley, CA 94710

n/a

AFC International, Inc. PO Box 894
DeMotte, IN 46310

www.afcintl.com/

Aircuity, Inc. 55 Chapel St.
Newton, MA 02458

www.aircuity.com

Assay Technology 1252 Quarry Lane,
Pleasanton, CA 94566

www.assaytech.com/

BGI Inc. 58 Guinan Street
Waltham, MA 02451

www.bgiusa.com/

EcoChem Analytics 202 Reynolds
League City, TX 77573

www.ecochem.biz

GC Industries 2991 Corvin Drive
Santa Clara, CA 95051

www.gcind.com

General Oceanics, Inc. 295 N.W. 163rd Street
Miami, FL 33169

www.generaloceanics.com

K & M Environmental, Inc. 2421 Bowland Pkwy # 102
Virginia Beach, VA 23454

www.kandmenvironmental.com

Met One Instruments 1600 Washington Blvd
Grants Pass, OR 97526

www.metone.com/

Mine Safety Appliances
Company

1420 Mars-Evans City Rd. Evans
City, PA 16033

www.msanet.com/

MSP Corporation 5910 Rice Creek Parkway
Suite 300
Shoreview, MN 55126

www.mspcorporation.com/

Neutronics, Inc. 456 Creamery Way
Exton, PA 19341

www.neutronicsinc.com

Ogawa & Company, USA,
Inc.

1230 S.E. 7th Avenue
Pompano Beach, FL 33060

www.ogawausa.com

Opsis AB Box 244
SE-244 02 Furulund Sweden

www.opsis.se
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Vendor Address Web Address

Pacific Scientific
Instruments

481 California Avenue
Grants Pass, OR 97526

www.particle.com/

Particle Measuring Systems 5475 Airport Blvd
Boulder, CO 80301

www.pmeasuring.com/

PAX Analytics, Inc. 227 West Leyden Rd.
Colrain, MA 01340

www.paxana.com

Quest Technologies, Inc. 1060 Corporate Center Drive
Oconomowoc WI, 53066

www.quest-technologies.com

RKI Instruments, Inc. 1855 Whipple Rd.
Hayward, CA 94544

www.rkiinstruments.com

Rupprecht & Patashnick,
Inc.

25 Corporate Circle
Albany, NY 12203

www.rpco.com/

SKC Inc. 863 Valley View Road
Eighty Four, PA 15330

www.skcinc.com/

Tekran Inc. 132 Railside Road, Unit 1
Toronto, Ontario M3A 1A3 Canada

216.36.224.163/

Thermo Andersen 500 Technology Court
Smyrna, GA  30082

www.thermoandersen.com/

Thermo Environmental
Instruments Inc.

8 West Forge Parkway
Franklin, MA 02038

www.thermoei.com/

Transducer Technology Inc. 2243 Comstock Lane
Naperville, IL 60564-4337

www.transducertech.com/

TSI, Inc. P.O. Box 64394
St. Paul, MN 55164

www.tsi.com

URG Corporation 116 S. Merritt Mill Road
Chapel Hill, NC 27516

www.urgcorp.com/
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Appendix II

Summary of Monitoring Instruments

The following sheets describe a number of air quality monitoring systems. In order to provide some relative information on the nature of these
instruments, this Appendix includes information on cost, portability, whether or not the equipment is capable of producing results on-site, and the
degree of complexity of the instrument’s QA procedures.

I Inexpensive (<$1000 each)
M Moderate cost ($1000 to < $10,000 each)

M/E Cost around $10,000 each
E Expensive (>$10,000 each)

Cost (I, M, E)

VE Very Expensive (>$50,000)
L Light (can be easily carried as a personal monitor)
M Moderate (can be carried by a normal healthy worker)

Portability

H Heavy (may need multiple people or special equipment to move)
Y Instrument produces a sample that requires additional analysis away from the sampling

site
Off-Site Work?

N Produces results on-site
C Complex (requires multiple steps for calibration and/or complicated procedures to

provide adequate quality assurance)
QA Complexity

S Simple (relatively easy process to assure the quality of the results)
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Fixed Site, Integrated Particle Samplers

Instrument
Type

Manufacturer Model Description Cost
(I,M,E)

Portability
 (L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

Mass,
Integrated

Rupprecht &
Patashnick

2000 Manual FRM sampler for
either PM10 or PM2.5

M M Y S

Rupprecht &
Patashnick

2025 Sequential FRM sampler for
either PM10 or PM2.5

M M Y S

Rupprecht &
Patashnick

Partisol-Plus Dichotomous Sequential Air
Sampler

M M Y S

Rupprecht &
Patashnick

2300 Sequential Speciation
Sampler

E M Y S

Rupprecht &
Patashnick

2400 High Volume Cascade
Impactor Stage 1: large
particles (>10 µm diameter);
Stage 2: coarse particles (2.5
to 10 µm diameter); Stage 3:
fine particles (1 to 2.5 µm
diameter); Stage 4:
accumulation mode (0.1 to 1
µm diameter)

M M Y S

Thermo Andersen RAAS2.5 100 Manual FRM sampler for
PM2.5

M M Y S

Thermo Andersen RAAS2.5 300 Sequential FRM sampler for
PM2.5

M M Y S

BGI, Inc. PQ100 Manual sampler for FRM
PM10 or TSP sampling

M M Y S

BGI, Inc. PQ2000 Manual FRM sampler for
PM2.5

M M Y S
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Chemical
Constituents,
Integrated

Met One SASS Five channel speciation
network sampler

E M Y S

Rupprecht &
Patashnick

2300 Sequential 4 or 12 channel
speciation network sampler,
In its 4-channel
configuration, the sampler is
usually set up to operate all
four flow paths during a
single interval.  It can also
be operated as a sequential
sampler with 2 groups of 2
channels or 4 groups of 1
channel.  The 12-channel
configuration provides
additional sequential
sampling capabilities with
its expanded number of
channels. Its 12 flow
channels can be grouped as
of 3 groups of 4 channels, 3
groups of 3 channels, 6
groups of 2 channels, or 12
groups of 1 channel.

E M Y S

Thermo Andersen RAAS2.5 400 Six-channel speciation
network sampler

E M Y S
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URG Corporation Versatile Air
Pollutant
Sampler
(VAPS)

Dual channel, three flows,
collects two fine particle
samples simultaneously and
one coarse particle sample

E M Y S

URG Corporation URG-2000-01J Weekly Air Particulate
Sampler, 8 channels, capable
of viewing and
programming eight on/off
settings for different
sampling time periods;
System can be left
unattended for up to eight
sampling periods; Internals
are interchangeable (filter
packs, annular denuders and
poly-urethane foams (PUFs)

E M Y S

URG Corporation URG-2000-01K Dual Sequential Fine
Particle Sampler, manual
4-channel speciation
network sampler

E M Y S

URG Corporation URG-3000DB Manual sampler that
measures the gas phase
semi-volatile organic and
condensed phase organic
compounds; Provides the
true phase distribution of the
semi-voltaic organic
compounds

E M Y S



II-5

Fixed Site, Continuous Particle Monitors

Instrument
Type

Manufacturer Model Description Cost
(I,M,E)

Portability
(L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

Continuous
Mass

Rupprecht &
Patashnick

1400a Tapered Element Oscillating
Microbalance (TEOM)
monitor, PM2.5 or PM10;
normally operated at 50ºC

E M N S

Rupprecht &
Patashnick

SES TEOM with drier in the inlet
stream to remove water and
permit 30ºC operation

E M N S

Rupprecht &
Patashnick

8500 Differential system using a
cooled filter to provide
estimate of volatile and non-
volatile portions of the
ambient aerosol.

E M N S

Thermo Andersen CAMM Pressure-drop-based
monitor, PM2.5

E M N S

Thermo Andersen BETA Y2K Continuous Ambient
Particulate Monitors using
beta gauge principle; TSP,
PM10, PM2.5 and PM1.0;
Measurement range from 0
to 5000µg/m3

E M N S

Met One BAM1020 Beta Attenuation Monitor,
PM2.5

E M N S

TSI, Inc 3935 Electrical Low-Pressure
impactor, 30 nm to 10 mm,
12 stages

E M N S

Opsis SM200 Beta Attenuation Monitor
for TSP, PM10 or PM2.5

E M N S
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Continuous Size
TSI Inc 3935 Electrical Low-Pressure

Impactor (ELPI). 30 nm to
10 mm, 12 stages. ELPI
combines the accuracy of
impactor size classification
and rapidity of electrical
detection for the same
device. A precisely known
charge given to the particles
in the charger is measured in
real time with very sensitive
multichannel electrometers
as the particle impacts the
collection plate.

E M N S

Nephelometers
Radiance Research 908 1 wavelength, integrating

nephelometer
M M N S

TSI 3551 1 wavelength, integrating
nephelometer

M M N S

TSI 3563 3 wavelength, integrating
nephelometer

E M N S

TSI 8520 Portable nephelometer;
0.001 to 100 mg/m3; 0.1 to
approximately 10 µm

M M N S

Rupprecht &
Patashnick

3020 Foam cartridges available
for the unit make it easy to
perform size-selective
sampling. These cartridges,
installed in the inlet of the
monitor, allow for sampling
of the thoracic fraction
(PM10), ISO respirable (4.5
µm diameter), and fine
(PM2.5) particles.

M M N S
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Grimm Dust Monitor
1.107

PM10, PM2.5, and PM1; 0.3 to
25 µm size range; 1 to 6500
mg/m3 with 0.1 mg/m3

resolution; reads out in mass
units.

E M N S

Ecochem Analytics DC 2000CE Detects particulate-matter
surface area through
diffusion charging; hand-
held unit

E M N S

Ecochem Analytics LQI-DC Detects particulate-matter
surface area through
diffusion charging

E M N S

Continuous
Constituents

Rupprecht &
Patashnick

5900 Continuous OC/EC monitor,
one OC temperature; one EC
temperature, collection on
impaction stage, no
pyrolysis correction

E M N C

Rupprecht &
Patashnick

8400N Continuous nitrate,
impaction, flash
volatilization

E M N C

Rupprecht &
Patashnick

8400S Continuous sulfate,
impaction, flash
volatilization

E M N C

Sunset Laboratory Continuous OC/EC monitor,
partial NIOSH 5040 method,
with TOT correction

E M N C

Thermo Andersen RTA8 880 nm Aethalometer;
measures “black carbon”

E M N S

Thermo Andersen RTA9 880 nm and 350 nm
Aethalometer, claims to
detect “diesel” using the 350
nm absorption

E M N S
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Thermo Andersen RTA10 Seven “channels,” from 350
nm to 950 nm Aethalometer

E M N S

BGI, Inc TM-1 Two-channel light
absorption, tuned to detect
ETS using 620 nm and 370
nm light

E M N S

Tekran, Inc 1135 Particulate mercury analyzer;
Model 1135 Particulate
Mercury Unit is used together
with the Model 1130
Speciation Unit and the
Model 2537A Mercury
Analyzer to simultaneously
monitor particulate bound
mercury (HgP), elemental
mercury (Hg0) and reactive
gaseous mercury (RGM) in
ambient air.

E M N C

Ecochem Analytics PAS2000 The Photoelectric Aerosol
Sensor (PAS) works on the
principle of photoionization
of particle-bound PAH.
Using an Excimer lamp, the
aerosol flow is exposed to
UV radiation. The Excimer
lamp offers a high-intensity,
narrow band source of UV
radiation. The wavelength of
the light is chosen such that
only the PAH-coated
aerosols are ionized, while
gas molecules and non-
carbon aerosols remain
neutral.

E M N S

Ecochem Analytics PAS2000CE Hand-held version of
PAS2000

M M N S
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URG Corp. Steam-injection collection of
hygroscopically grown
particles with analysis of
ions in the field by ion
chromatography

E M N C

University of Maryland SEAS Steam-injection collection of
hygroscopically grown
particles subsequently
analyzed for elemental
concentrations

E H N C

Georgia Inst. Tech. PILS Steam-injection collection of
hygroscopically grown
particles with analysis of
ions in the field by ion
chromatography

E H N C
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Personal Integrated Particle Monitors

Instrument
Type

Manufacturer Model Description Cost
(I,M,E)

Portability
(L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

PM mass and/or
chemical species

MSP Corp 200 Small, lightweight personal
samplers (PEM) consist of a
single-stage impactor
followed by a filter to collect
airborne particles for mass or
chemical analysis. Aerosol is
sampled through the impactor
to remove coarse particles
larger than the impactor cut-
point. Cut-point diameters of
2.5 and 10 µm are available
for personal PM2.5 or PM10
sampling.  Sampling flow
rates of 2, 4, and 10 liters per
minute are available.

I L Y S

MSP Corporation PMASS A 2.5 µm cut-point cyclone
inlet with dual channels for
simultaneous collection on
two filter trains and includes
provision for denuders in
either, or both, channels

M?1 L Y C

BGI, Inc AFC-123 Simple small filter holder and
pump;  BGI offers several
flow rates and particle size
selective inlets for integrated
particle sampling for PM1,
PM2.5, or PM10

I L Y S
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SKC Various Primarily industrial hygiene
personal monitors with
sampler inlets designed to
meet various IH definitions
of respirable particles.  They
do not make a PM2.5 or
PM10, but sell the MSP
PEM.

I L Y S

HSPH Multipollutant
Sampler

Two impaction-based
samplers for PM2.5 and PM10
attached to a single
elutriator. Two mini PM2.5
samplers are also attached to
the elutriator for organic
carbon (OC), elemental
carbon (EC), sulfate, and
nitrate measurements.  For
the collection of nitrate and
sulfate, the mini-sampler
includes a miniaturized
honeycomb glass denuder
that is placed upstream of
the filter to remove nitric
acid and sulfur dioxide and
to minimize artifacts. Two
passive samplers can also be
attached to the elutriator for
measurements of gaseous
co-pollutants such as O3,
SO2, and NO2.

M?1 L Y C
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USC PCIS The Personal Cascade
Impactor Sampler (PCIS) is
a miniaturized cascade
impactor, consisting of four
impaction stages, followed
by an after-filter.  Particles
are separated in the
following aerodynamic
particle diameter ranges:
<0.25, 0.25–0.5, 0.5 –1.0,
1.0 –2.5, and 2.5–10 µm.
The PCIS operates at a flow
rate of 9 lpm, using a very
high efficiency, battery-
operated, lightweight pump
at 15 a pressure drop of 11
in. H2O (2:7 kPa).

M?1 L Y S

UNC Passive Sampler Particles travel through a
protective, stainless-steel
mesh and deposit on a
smooth collection surface by
gravity, inertia, and
diffusion.  For particle
concentrations found
outdoors, in the home, or in
other nonindustrial
environments, the
appropriate sampling time is
about one week.  After use,
the sampler is capped and
analyzed by scanning
electron microscopy (SEM).

I L Y S

1.  This is an estimate of the likely cost based on the complexity of the machining needed to make the sampling head plus the cost of the pump.  Price has not
yet been set.
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Continuous Personal Particle Monitors

Instrument
Type

Vendor Model Description Cost
(I,M,E)

Portability
(L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

Optical Particle
Counter

Particle Measurement
Systems

HandiLaz 310 0.3–5.0 µm; Sample flow
rate of 0.1 cfm / 2.8 lpm;
Size channels: 0.3, 0.5, 1.0,
5.0 µm; <106 ft3

M M N S

Thermo Andersen personal
DataRAM

0.1 to 10 µm; measurement
range from 0.001 to 400
mg/m3; personal exposure

M M N S

Thermo Andersen pDR-1200 1.0 to 10 µm; personal
exposure measurements

M M N S

Royco HH200A/200B Handheld; HH200A ch1
0.5 µm; ch2 selectable —
0.7, 1.0, 3.0, or 5.0 µm and
HH200B ch1 0.3 µm;
ch2 selectable—0.5, 1.0,
3.0, or 5.0 µm

M M N S

Condensation
Nuclei Counter

TSI, Inc P-TRAK Handheld Ultrafine Particle
Counter (UPC); 0 to 5 Η 105

particles/cm3; 0.02 to greater
than 1 µm

M M N S

Mass Monitors
Ecochem Analytics DC 2000CE Detects particulate-matter

surface area through
diffusion charging; hand-
held unit

M M N S



II-14

Rupprecht &
Patashnick, Inc

Not yet
assigned

Small, portable metal
TEOM, developed for
MSHA

M? L N S

Species
Monitors

Ecochem Analytics PAS2000CE Handheld Photoelectric
Aerosol Sensor (PAS) uses
the principle of
photoionization of particle-
bound PAH.  An Excimer
lamp exposes the aerosol
flow to UV radiation. The
Excimer lamp is a high-
intensity, narrow band
source of UV radiation. The
wavelength is chosen such
that only the PAH-coated
aerosols are ionized, while
gas molecules and non-
carbon aerosols remain
neutral.

M M N S
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Particle Number Monitors

Instrument
Type

Manufacturer Model Description Cost
(I,M,E)

Portability
(L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

Condensation
Nuclei Counter

TSI, Inc 3022A Condensation nuclei
counter, 7 nm lower limit, 0
to 9.99 Η 106 particles/cm3

E M1 N S

TSI, Inc 3025A Condensation nuclei
counter, 3 nm lower limit, 0
to 9.99 Η 104 particles/cm3

E M1 N S

TSI, Inc 3010 Condensation nuclei
counter, 10 nm lower limit,
<10,000 particles/cm3

E M1 N S

TSI, Inc 3760/3762 Condensation nuclei
counter, 11 nm lower limit,
0 to 10,000 particles/cm3/0
to 5,000 particles/cm3

M M1 N S

TSI, Inc 3007 Condensation nuclei
counter, 10 nm lower limit,
0 to 100,000 particles/cm3

M M1 N S

TSI, Inc 3070A Electrical Aerosol Detector,
10 nm to >1 µm, measures
total aerosol length

M M N S

TSI, Inc P-TRAK Handheld Ultrafine Particle
Counter (UPC); 0 to 5 Η 105

particles/cm3; 0.02 to greater
than 1 µm

M M N S

Grimm 5.401 Minimum size: >5 nm; Max.
counts: 105 /l;

E M1 N S

Grimm 5.402 Minimum size: >5 nm; Max.
counts: 107 /l;

E M1 N S

Grimm 5.403 Minimum size: >5 nm; Max.
counts: 1010 /l;

E M1 N S
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Particle Measuring Systems 7625 Minimum size 20 nm, max
counts: 1,000,000 ft-3

M M1 N S

Particle Measuring Systems 7650 Minimum size 14 nm, max
counts: 1,000,000 ft-3

M M1 N S

1. Although the CNC is not hard for one person to carry, it is important to drain the working fluid reservoir and thus, it is not a portable instrument.
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Optical Particle Counters
Climet CI-500 0.3 to 20 mm particles, 1

CFM flow
E M N S

Climet Ultimate 100 0.1 mm sensitivity;
Sensitivity as low as 0.065
µm is possible.

E M N S

Climet CI-200 0.2 µm 1.0 CFM particle
counter

E M N S

Climet MicroPro 400 Choice of sizes: 0.5/5.0 µm
or 0.3/0.5 µm

E M N S

Particle Measurement
Systems

LASAIR® II 0.3 - 25.0 µm; 0.3, 0.5, 1.0,
5.0, 10.0, 25.0 µm channels;
<425000 ft3

E M N S

Particle Measurement
Systems

Micro LPC 0.05, 0.07 and 0.1µm
sensitivities; clean room
environments

E M N S

Particle Measurement
Systems

HandiLaz 310 0.3–5.0 µm; Sample flow
rate of 0.1 cfm/2.8 lpm; Size
channels: 0.3, 0.5, 1.0, 5.0
µm; <106 ft3

M M N S

Thermo Andersen personal
DataRAM

0.1 to 10 µm; measurement
range from 0.001 to 400
mg/m3; personal exposure

M M N S

Thermo Andersen pDR-1200 1.0 to 10 µm; personal
exposure measurements

M M N S

Thermo Andersen DataRAM 0.1 to 10 µm; 0.1 to 999.9
µg/m3(resolution: 0.1µg/m3);
1.00 to 39.99 µg/m3

(resolution: 0.01mg/m3); 40.0
to 399.9 mg/m3 (resolution:
0.1mg/m3)

M M N S

Royco 100A/150B 100A 0.5 µm and larger or
150B 0.3 µm and larger;
counts the number of particles
in 0.1 cubic foot (2.83 lpm) of
air.

M/E M N S
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Royco MA100/MA200 MA100 6 ch 0.1, 0.2, 0.3,
0.5, 0.7, 1.0 or MA200 6 ch
0.2, 0.3, 0.5, 0.7, 1.0, 3.0,
5.0 µm; Total counts,
counts/ft3, counts/m3

M/E M N S

Royco HH200A/200B Handheld; HH200A ch1 0.5
µm; ch2 selectable—0.7,
1.0, 3.0, or 5.0 µm and
HH200B ch1 0.3 µm; ch2
selectable—0.5, 1.0, 3.0, or
5.0 µm

M/E M N S

Royco MA300B/300 300B 2 ch 0.3, 0.5 µm; 4 ch
0.3, 0.5, 1.0, 5.0 µm; 5 ch
0.3, 0.5, 1.0, 5.0, 10.0 µm; 6
ch 0.3, 0.5, 1.0, 3.0, 5.0,
10.0 µm; 300 2 ch 0.5, 5.0
µm; 4 ch 0.5, 1.0, 5.0, 10.0
µm; 5 ch 0.5, 1.0, 2.0, 5.0,
10.0 µm; 6 ch 0.5, 1.0, 2.0,
3.0, 5.0, 10.0 µm;
coincidence loss <5% at
400,000 counts/ft3

M/E M N S

Royco 323/325 323 0.3, 0.5, 1.0, 3.0, 5.0,
10.0 µm; 325 0.5, 1.0, 2.0,
3.0, 5.0, 10.0 µm

M/E M N S

Royco 330A/330B 330A 2 ch 0.5, 5.0 µm;4 ch
0.5, 0.7, 1.0, 5.0 µm; 5 ch
0.5, 0.7, 1.0, 2.0, 5.0 µm;
6 ch 0.5, 0.7, 1.0, 2.0, 3.0,
5.0 µm; 330B 2 ch 0.3, 0.5
µm; 4 ch 0.3, 0.5, 1.0,
5.0 µm; 5 ch 0.3, 0.5, 0.7,
1.0, 5.0 µm; 6 ch 0.3, 0.5,
0.7, 1.0, 2.0, 5.0 µm

M/E M N S
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Royco 5230/5250A 8 channels; 5230 User-
selectable, starting at 0.30
µm; 5250A User- selectable,
starting at 0.50 µm

M/E M N S

Royco R8801/R8901 2 channels (standard), 4 or 5
channels (optional); Particle
Size Ranges (µm) 2-channel
0.1, 0.3 µm; 4-channel 0.1,
0.2, 0.3, 0.5 µm; 5-channel
0.1, 0.2, 0.3, 0.4, 0.5 µm

M/E M N S

Grimm Dust Monitor
1.107

PM10, PM2.5, and PM1; 0.3 to
25 µm size range; 1 to 6500
mg/m3 with 0.1 mg/m3

resolution; reads out in mass
units.

E M N S

Grimm DUSTcheck
IAQ 1.101

Reads in either counts or
estimated mass
concentrations; Generally
measures in the range of
0.35 to 20 µm; has backup
filter for gravimetric
comparisons; counts up to 2
x 106 per liter; mass
estimation to 100 mg/m3

E M N S
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Size Measurement Systems,
Aerodynamic Sizing

TSI, Inc 3220 The Aerosizer spectrometer
uses a time-of-flight, cross-
correlation technique to
provide high-resolution
measurements similar to
single-particle-counting
instruments.  The Aerosizer
DSP spectrometer detects
particles in the range from
0.6 to 200 µm, in
concentrations up to 5,000
particles per cm3. It provides
usable particle size data in
concentrations up to 100,000
particles per cm3.

VE M N S

TSI, Inc 3321 The Aerodynamic Particle
Sizer (APS) uses time-of-
flight and relative light
scattering intensity to detect
particles in the size range of
0.37 µm to 20 µm.

VE M N S

Size Measurement Systems,
Electrical Mobility

TSI, Inc 3936 Scanning Mobility Particle
Sizer; multiple ranges
depending on choice of
DMA and CNC.  With
2025A CNC and short
DMA, 2 to 150 nm to
several configurations with
range of 10 to 1000 nm; 20 x
107 particles/cm3.  Can also
be used as a DMPS.

VE M1 N S
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Grimm Sequential
Mobility
Particle Sizer
and Counter

Uses a differential mobility
analyzer similar to the TSI
and a CNC to provide a
DMPS.

VE M1 N S

MSP WRAC The Wide Range Aerosol
Counter is a flexible
combination of a DMA,
CNC, and laser particle
counter.  Price depends on
just what is included, but top
of the line system does
SMPS, DMPS, plus LAS.
Not yet available.  Proposed
first delivery at the end of
the first quarter of 2003.

VE M1 N S
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Monitors for Gaseous Species

Instrument
Type

Manufacturer Model Description Cost
(I,M,E)

Portability
(L, M, H)

Off-Site
Work?

QA Complexity
(C or S)

VOCs, including
Gaseous HAPs
other than Hg

Assay Technology ChemScout Wide range of VOCs, as
given in Table 5 of the
report using passive
adsorption badges.

I L Y S1

3M 3500/3520 Wide range of VOCs, as
given in Table 5 of the
report using passive
adsorption badges.

I L Y S1

SKC 575 Wide range of VOCs, as
given in Table 5 of the
report using passive
adsorption badges.

I L Y S1

K&M Environmental,
Inc

TraceAir
380000-005

Wide range of VOCs, as
given in Table 5 of the
report using passive
adsorption badges.

I L Y S1

RKI Instruments. EAGLE; GX-
2001; GP-82;
GX-82A / GX-
86A; GX-94;
GasWatch;
CO-94

Wide variety of gases, but
typically at occupational
exposure levels;
electrochemical detection

I L Y S1

General Oceanics, Inc PAQS 300 ml canister with
capillary flow control

I L Y C
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Drager Grab Sample
Detection
Tubes

Color indicating, survey
instrument for a very wide
variety of gases beyond
those listed in Table 5 of the
report; uses a pump to pull a
specific air volume through
the tube.

I L N S

Drager Chip
Measurement
System

Uses chemical-specific chips
and a digital reader to
provide measurement of 34
different gases and vapors;
several chips cover different
ranges of the same gas.

I L N S

Drager Color Diffusion
Tubes

Color indicating, survey
instrument for a limited
number of species.  Based
on diffusion into the tube
and a resulting color
reaction to provide a direct
indication of the presence of
and concentration of the
specific gas of interest.

I L N S

Criteria Gases
Rupprecht &
Patashnick

3300 Ogawa Passive Sampling
System provides a cost-
effective means of
determining the
concentrations of NO, NO2,
NOx, SO2, and O3.

I L N S
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Ogawa & Company 3300 Ogawa Passive Sampling
System provides a cost-
effective means of
determining the
concentrations of NO,
NO2, NOx, SO2, and O3.

I L N S

Transducer Technology PH2S1000 H2S, < 1 ppm;
electrochemical detector

M M N C

Transducer Technology PCO1000 CO, < 1 ppm;
electrochemical detector

M M N C

Transducer Technology PNO21000 NO2, < 0.002 ppm;
electrochemical detector

M M N C

TSI, Inc. 8552 Q-Trak  Non-dispersive infrared
(NDIR) for CO2;
temperature (T) and relative
humidity (RH)

M M N C

TSI, Inc. 8554 Q-TRAK
Plus

Electro-chemical CO; Non-
dispersive infrared (NDIR)
for CO2; T and RH

M M N C

K&M Environmental,
Inc.

ChromAir
ozone badges
380010-10

Color indicating passive
ozone badge; ChromAir
badges have six levels and
can be used with the
ChromAir color comparator
for higher resolution and
accuracy.

I L N S

K&M Environmental,
Inc.

ChromAir 
carbon
monoxide
badges
380008-10

Color indicating passive CO
badge; ChromAir badges
have six levels and can be
used with the ChromAir
color comparator for higher
resolution and accuracy.

I L N S
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K&M Environmental,
Inc.

ChromAir
nitrogen
dioxide badges
380006-10

Color indicating passive
NO2 badge; ChromAir
badges have six levels and
can be used with the
ChromAir color comparator
for higher resolution and
accuracy.

I L N S

K&M Environmental,
Inc.

ChromAir
sulfur dioxide
badges
380005-10

Color indicating passive SO2
badge, ChromAir badges
have six levels and can be
used with the ChromAir
color comparator for higher
resolution and accuracy.

I L N S

K&M Environmental,
Inc.

SafeAir carbon
monoxide
badges
382012-50

Color indicating CO badges;
when used with the SafeAir
color comparator, the system
offers up to 11 levels of
quantification

I L N S

K&M Environmental,
Inc.

SafeAir
nitrogen dioxide
badges
382013-50

Color indicating NO2
badges; when used with the
SafeAir color comparator,
the system offers up to 11
levels of quantification

I L N S

K&M Environmental,
Inc.

SafeAir ozone
badges
382004-50

Color indicating O3 badges;
when used with the SafeAir
color comparator, the system
offers up to 11 levels of
quantification

I L N S

K&M Environmental,
Inc.

SafeAir sulfur
dioxide
badges382014-
50

Color indicating SO2
badges; when used with the
SafeAir color comparator,
the system offers up to 11
levels of quantification

I L N S
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PAX Analytics, Inc. ACCESS
Environmental
Monitoring
Systems

ACCESS combines the use
of physical sensors for CO,
CO2, hydrocarbons, NO,
NO2, O2, O3, SO2,
meteorological variables,
solar irradiance, UV, ELF,
and ionizing

E H N C

Aircuity, Inc. IAQ Evaluation
System

System has multiple sensors
for CO2, CO, particle counts
with an OPC in two size
bins (<2.5 and >2.5 mm), T,
RH, pressure, total VOCs,
O3, and radon

E H N C

GC Industries various Units Monitor Single Gases
Including: Oxygen (Models
GC501 & GC502), Carbon
Monoxide (Model GC401),
Hydrogen Sulfide (Model
GC701), Sulfur Dioxide
(Model GC801), Nitric
Oxide (Model GC901) and
Nitrogen Dioxide (Model
GC952).  All are for
concentrations in the ppm
range with precisions of
+/-2 ppm.

M M N C

Quest Technologies aq-5000/aq-
5001

CO, CO2, hydrocarbons,
NO, NO2, O2, O3, H2S,
HCN; third party support for
respirable particles and
VOCs

M M N C

1.  Simple if the vendor’s laboratory is used for the analysis of the sample. It is possible to analyze the samples, but the analyses are complex, as is the QA for
the measurements.
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Hg(0)
Brooks-Rand AF-03 Manual mercury (0) monitor

using gold wire traps;
thermal desorption and cold
vapor atomic fluorescence

M M Y C

Texran 2537 Automatic gaseous mercury
(0) sampler/analyzer

E M N C

K&M Environmental,
Inc

ChromAir
mercury badge
380018-10

Color indicating mercury
badges; ChromAir badges
have six levels and can be
used with the ChromAir
color comparator for higher
resolution and accuracy.

I L Y S

K&M Environmental,
Inc

SafeAir
mercury badges
382005-50

Color indicating mercury
badges; when used with the
SafeAir color comparator,
the system offers up to 11
levels of quantification.

I L Y S

Drager Chip
Measurement
System

CO, NO2, SO2 chips
available for use with a
digital readout device.

M L N S

Ecochem Analytics HG-MONITOR
3000

The measuring principle
used in the HG-MONITOR
3000 is based on the
resonance absorption of
mercury atoms at a
wavelength of 253.7 nm.
Measurement range of 0.1 to
3000 µg/m3

.

M M N C
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