
1

Introduction to the Handheld  
Photoelectric Aerosol Sensor  

and the
Diffusion Charger 

EcoChem Analytics



2

Presentation Outline

Safety Warnings & Precautions 
Working Principle
Health Risk Perspective
Analyzer Operations

Description of Instrument 
Software

Service and Maintenance
Applications



3

Safety Warnings and 
Precautions
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Safety Warnings & Precautions!

1. Never operate the instrument if the cover is removed.
2. Maintenance and repair work should only be done by 

trained personnel.
3. Care should be taken under extremely humid conditions! 

The monitor should be prevented from becoming wet. 
(If the sensor got wet and is not working properly, it 
should be placed into a dry place and left there for 1-2 
days. This may restore the proper functioning.)
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Safety Warnings & Precautions (Contd.)

4. Do not expose the instrument directly to rain or snow!
5. Always use the original serial cable supplied with the 

analyzer for downloading data.
6. Do not substitute the analyzer power supply with a 

standard laptop power supply (though they may look 
similar). You will seriously damage the analyzer by using 
an incompatible power supply unit.
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Working Principle
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Focus of Attention…

DC 2000CE measures
PARTICLE SURFACE AREA

PAS 2000CE measures
PARTICLE PAH / SOOT
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Diffusion Charger (DC 2000CE) 

• Particle surface area
• Large particle size range
• Fast response, high sensitivity
• Compact, rugged and user-friendlyW
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Principle of the 
Diffusion Charger (DC)

•Corona discharge is used to 
produce ions in the carrier gas

•Ions attach to particle surface 
by diffusion

•Collect particles in an 
electrically insulated filter

•Measure electric current 
flowing from filter (resolution 
~1 femtoamp) iDC ~ Sactive

Corona 
Discharge

iDC = DC Current
Sactive = Particle active surface areaW
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What does the DC measure…

The diffusion chargers measures the particle 
Active Surface Area (mm2/m3)
The Active Surface Area is defined as the particle 
area accessible for impinging molecules of the 
carrier gas. It is surface upon which transfer of 
momentum, energy and mass from the gas to 
the particle takes place. 
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Photoelectric Aerosol Sensor --
PAS 2000CE

• Sensitive to surface chemistry
• Responds to ultrafine carbon particles
• High sensitivity, large measurement range
• Light, compact and field-ruggedized
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Principle of the 
Photoelectric Aerosol Sensor (PAS)

UV lamp

iPC ~ Sactive x F

• Excimer lamp used to 
produce UV radiation

• Photoionization of 
carbonaceous particles

• Collect particles in an 
electrically insulated filter

• Measure electric current 
flowing from filter 
(resolution ~1 femtoamp)

I PAS = PAS Current
Sactive = Particle active surface area
F = Surface chemistry factor  
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What does the PAS measure…

Current density(picoamp-sec/m3)

PAH (ng/m3)
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Urban Particulate Matter
Fuel oil
Regression

R-Squared = 0.95Total Particle - Bound

PAH Elemental Carbon

The PAS analyzer estimates TOTAL PARTICLE 
BOUND PAH. The analyzer signal has also been 
correlated to other related compounds like Soot, 
Elemental Carbon and Black Carbon.
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Complementary Measurements

corona 
discharge

iDC ~ Sactive

Diffusion Charger
DC 2000CE

(PARTICLE SURFACE AREA)

UV lamp

iPC ~ Sactive x f

Photoelectric Aerosol Sensor
PAS 2000CE

(PARTICLE PAH/SOOT)
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Health Risk 
Perspective
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What are PAH

PAH – are POLYCYCLIC AROMATIC 
HYDROCARBONS ... also frequently 
referred to as Polynuclear Aromatic 
Compounds (PNA)
PAH are primarily products of 
incomplete combustion

Naphthalene Phenanthrene PyreneChrysene Benzo(a)pyrene Benzo(g,h,i)perylene

TYPICAL PAH COMPOUNDS
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Why measure PAH Compounds
The U.S. Department of Health and Human Services has determined that 
PAHs may reasonably be anticipated to be carcinogens. 

Several of the PAHs, including benz(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, have caused tumors in 
laboratory animals when they ate them, when they were applied to their 
skin, or when they breathed them in the air for long periods of time. 

Reports in humans show that individuals exposed by breathing or skin 
contact for long periods of time to mixtures of other compounds and PAHs 
can also develop cancer.

http://www.atsdr.cdc.gov/tfacts69.htmlH
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Why measure Particle Surface Area
Ultrafine particles act as carriers of toxic 
compounds (like PAH) and are 
transported to the lower respiratory tract.
Ultrafine particles have an extremely 
large surface area which is not 
adequately reflected by taking a particle 
weight measurement (traditional method 
for estimating particle concentration).
Health risk posed by ultrafine particles is 
more related to measurement of the 
Particle surface area since the particle 
surface is a better measure of estimating 
the amount of toxic compounds that can 
be transported by the ultrafine particles. 

H
ea

lth
 R

is
k 

Pe
rs

pe
ct

iv
e



19

Why use a combination of Instruments

The combination of the Photoelectric Aerosol 
Sensor (PAS 2000CE) which measures 
particle chemistry (PAH) and the Diffusion 
Charger (DC2000CE) which measures particle 
surface area provides an approximate
estimate of the health risk posed by exposure 
to ultrafine particles.

+
Estimate of 

ultrafine particulate 
health risk

=
Surface Area Surface Chemistry
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Analyzer Operations
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Front Panel

OFF switch

Power Supply (LED) Operation Status (LED)

Air 
Intake

ON switch along with
Illumination of digital display

Digital Display (LCD)
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LCD on Front Panel

Total particle-
bound PAH
(ng/m3)

Chosen time
interval (sec)

Battery
charge
(0 to 9)

Memory pointer (%) Time (HH:MM)

PAH:  28                     I:10s
B:4           M:31          09:41
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Instrument Readings

Measurements made by the 
PAS 2000CE are ng/m3 (nanogm 
per cubic meter) of PPAH (particle-
bound PAH)
Measurements made by the 

DC 2000CE represent mm2/m3 
(millimeter squared per cubic 
meter) of particle surface area
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Front Panel Diagnostic 
Messages

A exclamation mark “!” next to the memory 
number indicates that the memory is filled and 
new data values are overwriting old ones. 

The battery charge level is a “normalized” number 
between 10 (“fully charged”) and 0 (“no charge”) 

PAH:  28                     I:10s
B:4           M:31!          09:41
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Back Panel 

Table for different 
operation modes

Switches for choosing 
operation modes

Digital output 
RS-232 port

Reset button

Battery and Power

Analog output (voltage or current)

Table for different 
operation modes

Switches for choosing 
operation modes

Related 
functionality

Digital output 
RS-232 port

Reset button

Battery and Power

Analog output (voltage or current)
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Measurement Modes

Mode Storage time 
interval

Measurement and display time 
interval

Resolution of 
measurement

0 10 sec. 5 sec. 30 sec.

1 20 sec. 5 sec. 30 sec.

2 30 sec. 5 sec. 30 sec.

3 60 sec. 10 sec. 60 sec.

4 120 sec. 20 sec. 120 sec.

Back Panel of
Instrument
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Choice of Measurement Mode

Mode Storage time 
interval

Measurement and display time 
interval

Resolution of 
measurement

0 10 sec. 5 sec. 30 sec.

1 20 sec. 5 sec. 30 sec.

2 30 sec. 5 sec. 30 sec.

3 60 sec. 10 sec. 60 sec.

4 120 sec. 20 sec. 120 sec.

• Modes 0 - 2 offer high time resolution data
• Modes 3 – 4 increase the total time interval that can 
be stored in the internal memory of the instrument
• Choose a mode that is optimum for your application!
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Starting and Terminating a 
Measurement

Press ON/L button for 
Starting
ON – for starting a 
measurement
L – “Light” digital display 
is lit when switch is 
pressed

Press OFF button for 
Terminating
There maybe a slight time 
delay in shutdown after 
the OFF switch is pressed
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Recording a Measurement

• Values are automatically written in the internal memory of the 
instrument. The internal memory is approximately 8000 data points

• If you wish to collect real-time data using the analog outputs 
(current or voltage) you have to connect the instrument to external 
power.

Analog Output Scaling
PAS 2000CE: 0-4000 ng/m3 corresponds to 0-10 volts or 0-20 mA
DC 2000CE: 0-1000 mm2/m3 corresponds to 0-10 volts or 0-20 mA

Back Panel of
Instrument
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Software Installation

Move software from CD-ROM to PC
No installation program – simply COPY files 
from CD-ROM to hard disk
Establish a shortcut to the AIRQUAL 

program
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Communicating with the Instrument

Use the serial cable provided with instrument to 
connect PC to analyzer

Back Panel of
Instrument

Computer

Serial cable
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Software Overview 

Run AIRQUAL
Use program to 
DOWNLOAD DATA
Use to set TIME
and DATE

This box will contain data 
file names that exist on 

your analyzer

AQ011126.255

AQ011127.255

AQ011128.255
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Detailed Download Sequence 

1. Put OFF the analyzer
2. Connect analyzer to computer with 

serial cable
3. Start AIRQUAL program
4. Select “Data Read” as the 

Requested Action
5. Select correct COM Port
6. Switch ON the analyzer
7. Wait for the analyzer to start the 

download mode
8. Select the file to be downloaded
9. Press the “Save File” button to save 

the file on the computer

AQ011126.255

AQ011127.255

AQ011128.255
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Communication Port

Select correct COM 
port (used by RS-232 
serial cable)
If you have a 
computer without an 
RS-232 serial port 
you need a USB to 
Serial port converter
(commonly available 
at computer stores)

Typical USB/Serial Adapter
Made by Belkin
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Data File Name Assignment 

AQ011129.255           File name

Year
Month

Day Analyzer Identification
Number
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Data File Contents

Plain text file
Time and Value on each line
Open with Notepad, Word, Excel etc

Time Value
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Software Download 
Troubleshooting Tips

1. Make sure that you are using the 
correct serial cable.

2. The serial cable should be connected to 
the right serial port on the computer 
(make sure you know whether it is 
COM1 or COM2).

3. In order to download a file, you have to 
first select the file by highlighting it.

4. Follow the right sequence to ensure a 
smooth download.

5. Once you connect the analyzer and the 
computer, power OFF and ON the 
analyzer to begin communication
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Power for Instruments

1. In the battery-mode the analyzers 
can be used continuously for 4-6 
hours. 

2. When connected to the 
recharger/power supply unit it can 
be run continuously without 
interruption while the battery is 
being charged at the same time.

3. It takes approximately 8 hours to 
fully recharge the batteries. It is not 
possible to overcharge the batteries, 
i.e. when they are left on the power 
supply while the monitor is switched 
off. 

Internal Battery Pack

External power supply unit
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Service and 
Maintenance
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Training and Maintenance Interval

Both instruments are 
sensitive electronic devices 
and should be serviced only 
by appropriately trained 
personnel. 
Depending upon usage of 
the instruments, it is typically 
recommended that the 
instrument be sent back to 
the factory for service and 
maintenance every 12 to 24 
months. 

Service needed for an Electrometer

Analyzer components during service
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Precision Components

Pump UV Lamp Corona Discharge

Circuit Board Electrometer

Assembly
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Other Activities…

Call for assistance before doing these 
activities!

Software is provided for re-setting 
the analyzer identification number 
and the calibration factor
Sometimes you may have to open 
the analyzer to disconnect the 
internal battery or to replace an 
internal fuse

Call for assistance before doing these 
activities!
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When in doubt…

Refer to the User’s 
Guide
Contact EcoChem by 

sending email to 
info@ecochem.biz
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Analyzer Applications
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Example Application Paper

Contact info@ecochem.biz for other studies
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Contact info@ecochem.biz for other studies

Example Application Paper (Contd.)
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Questions & Answers ?Questions & Answers ?

For more information…

EcoChem AnalyticsEcoChem Analytics

Email: info@ecochem.biz


