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1.0 GENERAL INFORMATION 
 
1.1 Introduction: 
 
 The purpose of this Standard Operating Procedure (SOP) is to document the 

EcoChem Analytics Photoelectric Aerosol Sensor (PAS 2000) procedures 
used by the Air Quality Surveillance Branch of the California Air Resources 
Board (ARB).  The goal of this SOP is two fold: to formalize PAS 2000 
installation, configuration and operation procedures in order to ensure 
comparability among all PAS 2000 data, and to describe supplemental 
information and modifications to the PAS 2000 Operation Manual necessary 
to successfully integrate the PAS 2000 into California’s air monitoring 
network.  The PAS 2000 Operation Manual contains a significant source of 
information pertinent to the operation, maintenance and understanding of 
this instrument, and therefore the AQSB highly recommends a thorough 
review of the PAS 2000 Operation Manual. 

 
1.2 Principle of Operation 
 

The PAS 2000 aerosol sensor is based on the photoelectric ionization of 
particles. Ultrafine particles are irradiated with light. If this energy is larger 
than the photoelectric threshold function, the particle emits a photoelectron. 
After photoemission, the original donor particle becomes a positively charged 
particle.  By themselves, the particles are not capable of photoemission; 
however the particles frequently have a layer of PAH, which are condensed 
or adsorbed on the surface.  These surface bound PAH molecules can be 
easily photoionized.  A free gas molecule or another charged particle can 
capture the photoelectron emitted from a particle.  The recapture probability 
(i.e. chance that the photoelectron meets a charged particle or encounters a 
neutral gas molecule) is high for large particles. From this it follows that 
photoemission is especially effective for small particles in the ultrafine region.  
 
Using an Excimer lamp, the sample air flow is exposed to UV radiation.  The 
Excimer lamp offers a high intensity, narrow band source of UV radiation. 
The wavelength of the light (8 kHz to 15 kHz) is chosen such that only the 
PAH coated aerosols are ionized, while gas molecules and non carbon 
aerosols remain neutral.  The aerosol particles which have PAH molecules 
adsorbed on the surface emit electrons which are subsequently removed 
when an electric field is applied.  The remaining positively charged particles 
are collected on a filter inside an electrometer, where the charge is 
measured.  The resulting electric current establishes a signal which is 
proportional to the concentration of total particle- bound PAH.  The analyzer 
displayed concentration between ug/m3 and ng/m3, is a measure of total 
PAH adsorbed on carbon particles and does not speciate the sample. 
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The measuring principle of the instrument is illustrated in Figure 1.  The 
particle-loaded flow is passed through a quartz tube. Around the quartz tube 
lamp is mounted.  The  
 
 
lamp is a hollow double-wall quartz tube.  The hollow space (2 mm 
thickness) between the concentric walls is filled with Krypton (approx. 300 
mbar) and traces of Chlorine.  The electrodes are external to the lamp.  The 
outer electrode of the lamp is a metallic reflecting tube.  The inner electrode 
is transparent to the light.  The lamp is operated at high frequency and at 
high voltage.  The lamp radiation occurs at 222 nm with an approximate half-
bandwidth of 2%.  A silicon detector measures the intensity of the radiation.  
This signal is used for controlling the intensity of the lamp. The intensity 
control is achieved by adjusting the lamp frequency. 
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Figure 1 
Photoelectric Aerosol Sensor  
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1.3 PAS 2000 Specifications

 
Display - LCD Panel with 128 by 64 pixel resolution 
   
Power -115 volts AC / 60 Hz & 220 volts AC / 50 Hz, Max. power 
consumption 35VA 
   
Range - 0 to 100 picoamp (user selectable)  
  
Sensitivity - ~ 0.3 - 1 g /m3 PAH per picoamp 
  
Lower Threshold - < 10 seconds (adjustable) 
   
Response time - < 10 seconds (adjustable) 
   
Analog Output - (0 to 10 volt) and (0 to 20 mA or 4 to 20mA) 
   
Digital Output - RS – 232 
   
Built-in pump with flowrate controlled at 2 L/min 
   
Operating temp - 40 to 104 ºF (5 to 40ºC) 
  
Dimensions - Standard Desktop Unit (H x W x D) 4.5in x 9.3in x 12.5in 
 
Weight - 20 lb 
  
Data Storage - 2500 Data Points consisting of date, time, value 
  
Data Acquisition Software - User-friendly PC-compatible graphical software 
collects data from PAS2000.  The software displays real-time strip charts 
and calculates averages.  Data is stored in a variety or formats.  Flat ASCII 
file output can also be generated for further analysis in standard spreadsheet 
programs (e.g. Microsoft Excel). 
   
Sampling System - The standard PAS 2000 can be modified to include a 
sample conditioning system.  The heated probe can sample source gas 
temperatures in the range of 40 to 570 ºF (5 to 300ºC).  Using a mass-flow 
controller coupled with a critical orifice, it is possible to obtain dilution ratios 
of 0.05, 0.1 and 0.2.  
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1.4 Safety Precautions: 
 
 Only properly trained personnel should perform PAS 2000 testing, 

installation, operation, maintenance and calibration procedures.  As with all 
monitoring equipment, precautions should be taken when working around 
electricity, power tools and above ground elevations.  Always run the 
instrument with a ground connection (earthing). 
 
Under no circumstances remove or open the internal ground connection.  If 
the Instrument is turned on, the electrical connections are charged and 
therefore do not attempt to touch internal components when the instrument is 
turned on.  Internal components should only be touched or removed when 
the monitor has been turned off.  The lamp power supply is operated at high 
voltage. 
 
Do not attempt to touch the lamp power supply when the instrument is turned 
on.  Do not touch the interior components of the instrument when it is turned 
on.  Never operate the instrument if the cover or any other parts the 
instruments are removed.  If you observe that the instrument has insufficient 
grounding or that the grounding connection is damaged, remove the 
instrument from operation for repair. 

 
1.5 Interferences/Limitations: 
 

1)  Protection Requirements:  Outdoor environments where instrument is not 
appropriately protected from outside elements such as direct sun and 
rain. 

 
2) Power Supply:  The PAS 2000 requires a standard external 120 VAC 

outlet. 
 
3) Grounding and Surge Protection:  A 'good' station ground and an 

adequate surge protector are highly recommended with all monitoring 
equipment.   

 
4) Operating Temperature Ranges:  The PAS 2000 can be operated where 

ambient temperature ranges that are between 5 to 40°C (41 to 104°F).   
Operating Temperature should remain +/- 5°C of established room 
temperature set point. 

 
5) Leak Check:  No leak check procedure is available or recommended by 

the manufacturer.  At this time, a valid flow check will assume no leak. 
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2.0 Installation Procedure
 
 The PAS 2000 Installation procedure has been separated into the following 

five (5) areas.  Each area is described in further detail. 
  
1) List of tools/supplies. (2.1) 
2) Physical Inspection. (2.2) 
3) Siting. (2.3) 
4) Installing PAS 2000 Unit. (2.4) 
5) Inlet. (2.5) 

 
2.1 List of Tools/Supplies: 

 
Fitting, ¼” NPT female thread 
Tubing, ¼” OD Stainless Steel (grounded to dissipate electrostatic charge) 
Power cord 
Shielded, 2 conductor cables, to be connected between PAS 2000s and 
recording device. 
Tools that include wire stripper, screwdriver and wrench set. 
Certified flow standard capable of measuring 2.0 LPM. 
 

2.2 Physical Inspection: 
 
 Upon receipt of a PAS 2000, inspect equipment and accessories for 

completeness and for shipping damage.  If shortage or damage is found, 
notify your supervisor, and/or your agency’s shipping department.  

 
2.3 Siting: 

 
In general, when choosing the location for PAS 2000 monitor, consider the 
following items: 

 
1) Exterior Inlet Radius Clearance:  These distances are Federal EPA 

requirements (40 CFR Part 58), and are designed to limit inlet airflow 
interference.  The inlet should be installed with an unobstructed radius 
of six (6) inches. 

 
2) Exterior Inlet Height:  The height of the inlet should be equal to any 

collocated samplers (i.e. PM2.5 filter samplers).- The inlet height 
should be four (4) to six (6) feet above the roof line. 
 

3) Maximum Inlet Height: The length of the inlet tubing shall not exceed 
twelve (12) feet. 
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2.4 Installing PAS 2000: 

 
The PAS 2000 can be rack mounted, placed on a table, shelf or other flat 
surface.  As with all instrumentation installations, the racks, table or fixture 
must be secure and the overall installation must protect both the instrument 
and personnel. 
 
1) ESC 8832 Data Logger Connection:  When using an ESC 8832 data 

logger, a separate data logger channel is required for each PAS 2000. 
*NOTE* 

 The voltage output connection from the rear panel to the data logger 
is to be used for monitoring the concentration signal only and all data 
collected should NOT be used for final data submittal. 

 
2) Data Channel Connection:  Attach one end of a shielded 2 wire cable 

(not supplied) to the red (+) and black (-) connectors at rear of the 
PAS 2000 labeled ‘0 -10 VOLT’.  Attach the other end of the (+) lead 
to the ESC 8832 “Analog In” channel 10 or 11, depending on which 
PAH channel is being connected.  Attach the other end of the (-) lead 
to the ESC 8832 ‘Analog In’ ‘GND’. 

 
3) Power Connection: The PAS 2000 can be operated with 50 or 60 Hz 

and 230 as well as 115 volt.  A switch for the different voltages is not 
necessary.  The power connection is located on the back panel of the 
instrument.  The power switch is integrated into the power connection. 

 
4) Signal Connections:  Voltage Output 0 - 10 Volt.  This output signal 

can be used for monitoring the concentration signal within the actual 
measuring range. 

 
5) Inlet:  The flow inlet of the PAS 2000 is connected with ¼” OD 

Stainless Steel tubing to the exterior inlet source of the gas to be 
introduced.  The stainless steel tubing needs to be grounded to 
dissipate any electrostatic charge).  While mounting the fitting on the 
connector, hold the external connector tightly with a may require a few 
wrench.  Failure to do so can lead to damaged screw threading inside 
the instrument.  The length of the inlet tubing shall not exceed twelve 
(12) feet.  The sample inlet flow may be highly charged, in which case 
explicitly-electrically-conducting tubing should be used.  Aerosol 
losses due to electrostatic precipitation in the inlet tubing are normally 
small. 

 
6) On Switch:  Power on the instrument using the switch on the back 

panel.  The instrument’s front display will show measured values. 

10  
 
 



AQSB SOP 804 
PAS-2000 

First Edition July 2009 
 

 
When first turned on (“cold start”), the instrument may require a few 
minutes of warm-up time (4 measuring cycles).  With the keyboard on 
the front panel you can then make adjustments regarding the 
operation of the instrument. 

 
 
 
 

1   2   3  4

1   2   3

0 - 10 Volt

RS 232

Relay

0 / 4 - 20 mA

Out

In

Terminal 1
Relay Switches

Terminal 2
Current Output

Power Connector

Voltage 
Output

Digital RS-232
Output

Flow Outlet

Flow Inlet

 
 

Figure 2 
 Back Panel 
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3.0 CONFIGURATION  
 
3.1 Configure PAS 2000:  Front Panel of the PAS 2000.  

 
The User Interface of the PAS 2000 utilizes a familiar input screen 
methodology.  Screens appearing on the LCD panel have been arranged in a 
hierarchical scheme (i.e. input screens can be accessed at different levels).  
On certain screens, it is possible to enter numerical values for input 
variables.  Data entered on the input screens can be saved by moving the 
cursor to the SAVE selection on the screen using the Navigation Block keys. 
The SAVE selection must be confirmed by pressing the ENTER key.  
The LCD Panel screen in the monitoring mode will appear when the 
instrument is initially powered on. Input screens for modifying operating 
parameters can be accessed from this initial display by pressing the ESC 
key.  
 

7

4
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5
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ENTER

EcoChem
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MEASURING VALUE
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Intens.    Frequ.    Flow
   18.7           7.5        40

329.9LCD Panel
in Monitor Mode

HELP Key

Monitor Mode Key

Navigation Block

ENTER  Key

ESC Key

Numeric Keypad

 
 

Figure 3 
 Front Panel 

 
On the front panel you will find a numeric keypad.  In addition there are the 
following five special keys:  
 
1) Monitoring Mode: This is a “hot” key which enables you to go directly 

to the Monitoring mode screen from any other screen.  
 

Caution  
If you are on an input screen, use the SAVE and ENTER commands to save 
input values before you select the Monitor mode key --- otherwise you will 
lose the input values which you have entered.  
 
2) Help: This selection provides context sensitive help regarding the 
input screen.  In the User’s Guide for PAS 2000 EcoChem -14 -Edition 3.0  
Appendix B.3.12, there is text associated with the individual Help screens.  
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3) Navigation Block:  These keys are used for navigating (Up, Down, 
Left, Right) on an input screen.  The selected entry fields are usually 
highlighted.  The selectable input items are shown in brackets (for example < 
4 - 20 mA >).  Some inputs do not require the input of numbers but comprise 
of a choice between different alternatives.  You can toggle between and 
select alternative selections by using the ENTER key.  
 
4) ESC Key:  When the display is in monitoring mode, pressing the ESC 
key initiates input mode, starting with the Main Menu screen.  The ESC key 
always leads back to next higher level input screen.  The ESC key can be 
useful if you do not want to save changes made to an input screen.  If you 
have entered input values and you do not want to save them, simply press 
the ESC key and old values will be restored.  
 
5) ENTER Key:  This key has several functions:  
It enables you to select an input screen.  For a particular input variable with 
fixed choices, the ENTER key enables you to toggle between different 
alternatives.  While entering the numerical value of an input variable, the 
ENTER key confirms the input and the cursor automatically jumps to the next 
input item.  The ENTER key is also used to confirm the SAVE command.  In 
this case after pressing the ENTER key you will leave the input screen and 
go back to the appropriate higher level screen.  
 

3.2 Input Screens:  
 
To initiate input mode from the monitoring mode display, press the ESC key. 
As discussed previously, the Input screens are arranged in a hierarchical 
scheme.  The overall flowchart of the input screens is as follows: 
In this section we will discuss the input screens associated with the PAS 
2000.  Help screens are available for every input screen and provide context 
sensitive help.  The Help screen associated with the various input screens 
are also discussed in this section. 
 
Refer to Figure 4, Overall Flowchart of the User Interface Screen. 
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      MAIN MENU
System data
Maintanace
Pump
Language/Sprache
Calibration data
Zero Point
 Select with ENTER

   MEASURING VALUE
   0  -   50 ng/m3

     14.7
 Intens. Frequ.  Flow
 100.1   5,5     2.01

   CALIBRATION DATA
Point 1 
Current: <   0> <fA>
Conc.  : <   0> <ng/m3>
Point 2 
Current: <   0> <fA>
Conc.  : <   0> <ng/m3>
 <Save with ENTER>

     SYSTEM DATA

Measuring range
Current output
Signal filtering
Lamp parameters
Date + Time   
  Select with ENTER

       MAINTENANCE

 Mainten. ON : < No>

 <Save with ENTER>
   Back with ESC

        PUMP

Pumpe On : < Yes>
act.value:   44 %

 <Save with ENTER>
   Back with ESC

        LANGUAGE
   
       <English>

 <Save with ENTER>
   Back with ESC

    MEASURING RANGE

Low      High    Units

<   0>  <  50>  <ng/m3>

 <Save with ENTER>
   Back with ESC

     CURRENT OUTPUT
Selection between
0 - 20 mA or 4 - 20 mA

     <0> - 20 mA

 <Save with ENTER>
   Back with ESC

    SIGNAL FILTERING
 
 Measv: <  30> sec
 Intns: <   0> sec
 Flow : <   4> sec 
  <Save with ENTER>
    Back with ESC

    LAMP PARAMETERS

Duty Cycle:1 / <   1>
On [sec]  : <    4.0>

  <Save with ENTER>
    Back with ESC

Back with ESC

Data Storage
Dilution

   
Act. Zero : 1.7 
Time      : 67

 <Save with ENTER>
   Back with ESC

    DATA STORAGE

Cycle in sec : <  30> 
Index (4,89)

  <Save with ENTER>
    Back with ESC

      DILUTION
    Dilutionfactor

D = <  1>

 <Save with ENTER>
   Back with ESC

     DATE + TIME
  YY.MM.DD.hh.mm.ss
  98.05.09.21.12.15

  <Save with ENTER>
    Back with ESC

 
Figure 4 

Flowchart of the User Interface Screen 
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3.2.1 Main Menu:  Upon powering up the PAS 2000 the MAIN MENU screen will 

appear. 
 

 
 
3.2.2 System Data:  To access the SYSTEM DATA input screen is as follows: 
 
 Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout:  
Select with ENTER 
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3.2.3 Measuring Range:  To access the MEASURING RANGE input screen and 

define the units of the variable to be measured is as follows: 
 

*NOTE* 
The voltage output connection from the rear panel to the data logger is to be 
used for operating information only and all data collected should NOT be 
used for final data submittal. 
 

 Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout:  
Select with ENTER 
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Using the Navigation Block, select MEASURING RANGE on the SYSTEM 
DATA screen layout: 
Select with ENTER 
 

 
 

MEASURING RANGE 
 
Purpose: This screen allows you to define the measuring range and the units 
of the variable to be measured. 
 
How to reach this Screen:  Using the Navigation Block, select MEASURING 
RANGE on the SYSTEM DATA menu.  Select with ENTER 
How to Exit this Screen: Using the Navigation Block, select the <Save with 
ENTER> entry and press the ENTER key.  You will reach the SYSTEM 
DATA screen. 
 
Screen Layout: 
MEASURING RANGE 
Low High Units 
< 0 > < 50 > < ng/m3 > 
< Save with ENTER > 
Back with ESC 
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Notes:  On this screen you can enter the following variables: 
 
Low value of the measuring range (0000 to 2000) 
High value of the measuring range (0000 to 2000) 
Units for the measuring range. 
Toggle between ng/m³ and μg/m³ with ENTER. 
 
AQSB operates the PAS2000 in the ng/m³ range. 
If you have site specific calibration data, you can select between ng/m³ and 
μg/m³.  For the Low and High values, you can enter a maximum of 4 digits 
(without the decimal point). 

 
3.2.4 Current Output:  To access the CURRENT OUTPUT input screen and define 

the units of the variable to be measured is as follows: 
 
 Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout:  
Select with ENTER 
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Using the Navigation Block, select CURRENT OUTPUT on the SYSTEM 
DATA screen layout: 
 
Select with ENTER 
 

 
 

CURRENT OUTPUT 
 
Purpose: On this screen you can define the analog current output signal. 
 
How to reach this Screen: 
Select CURRENT OUTPUT on the SYSTEM DATA menu. 
Toggle Current Output between 0 - 20 mA or 4 - 20 mA with ENTER. 
 
How to Exit this screen: 
Select the <Save with ENTER> entry and press the ENTER key. 
You will reach the SYSTEM DATA screen. 
 
Screen Layout: 
CURRENT OUTPUT 
Selection between 
0 - 20 mA or 4 - 20 mA 
< 0 > - 20 mA 
< Save with ENTER > 
Back with ESC 
 

3.2.5 Signal Filtering:  To access the SIGNAL FILTERING input screen and define 
the units of the variable to be measured is as follows: 

 
 Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout: 
  
Select with ENTER 

 

 
 

Using the Navigation Block, select SIGNAL FILTERING on the SYSTEM 
DATA screen layout: 
 
Select with ENTER 
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SIGNAL FILTERING 
 
Purpose:  This screen enables you to define parameters which control the 
signal filtering algorithm.  You can define the time intervals associated with 
signal filtering of the Measured Value, the Lamp Intensity and the Flowrate. 
 
Screen Layout: 
SIGNAL FILTERING 
Measv: < 8 > sec 
Intns:   < 16 > sec 
Flow:   < 24 > sec 
< Save with ENTER > 
 
How to Exit this screen:  Select the <Save with ENTER> entry and press the 
ENTER key. 
You will reach the SYSTEM DATA screen.  Back with ESC 
 
Notes:  The time interval associated with signal filtering can be entered here 
in seconds.  The instrument will calculate the average value of the parameter 
over the elected time interval.  It is possible to enter a time interval for the 
concentration signal, the lamp intensity and the flow. 
For example, a measurement cycle of 8 seconds in duration is accomplished 
by setting an ON time of 4 seconds and 1 / 1 as the DUTY CYCLE on the 
LAMP PARAMETERS screen). 
 
Assuming the operator wants the concentration signal to be averaged over 
one measuring cycle, the lamp intensity signal to be averaged over two 
measurement cycles and the Flow signal to be averaged over three 
measurement cycles.  The operator should enter 8 seconds for the Measv 
selection, 16 seconds for the Intns selection and 24 seconds for the Flow 
selection.          

 
3.2.6 Lamp Parameters:  To access the LAMP PARAMETERS input screen and 

define the units of the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout: 
  
Select with ENTER 
 

 
 
Using the Navigation Block, select CURRENT OUTPUT on the SYSTEM 
DATA screen layout: 
 
Select with ENTER 
 
Select LAMP PARAMETERS on the SYSTEM DATA Screen Layout:  
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LAMP PARAMETERS 
 
Purpose:  On this screen you can define parameters related to the operation 
of the lamp.  You can define the Duty Cycle and the time duration of the 
pulse during which the lamp is turned on. 
 
Screen Layout: 
LAMP PARAMETERS 
Duty Cycle: 1 / < 1 > 
On [sec]: < 4.0 > 
< Save with ENTER > 
Back with ESC 
How to Exit this screen:  Select the <Save with ENTER> entry and press the 
ENTER key. You will reach the SYSTEM DATA screen. 
 
Notes:  Two lamp parameters can be entered. 
 
1.  Duty Cycle:   Choose the ON / OFF time ratio for the lamp.  The 
maximum value of the duty cycle is 1 / 1. 
Duty Cycle = TON / TOFF = (t1 - t0 ) / (t2 - t1 ). 
Please note that you cannot enter any numerical value for this selection, the 
program allows you to choose between 1/1, 1/2, 1/5, 1/10, 1/15 and 1/20 
(use the ENTER key to toggle between selections). 
 
2.  On - Time:   Enter the duration of the light pulse in seconds.   From the 
below figure we have On - Time = TON = t1 - t0 . 
 

3.2.7 Date + Time:  To access the DATE + TIME input screen and define the units 
of the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select SYSTEM DATA on the MAIN MENU 
screen layout: 
  
Select with ENTER 

 

 
 
Using the Navigation Block, select DATE + TIME on the SYSTEM DATA 
screen layout: 
 
Select with ENTER 
 

 
 

DATE + TIME 
 
Purpose: On this screen you can input the actual date and the time. This 
information is used for the internal data storage of the PAS 2000. 
 
Screen Layout: 
DATE + TIME 
YY.MM.DD.hh.mm.ss 
07  .01 .23 .06 .30 .16 
< Save with ENTER > 
Back with ESC 
How to Exit this Screen:  Select the <Save with ENTER> entry and press 
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the ENTER key.  You will reach the SYSTEM DATA screen. 
 
Notes:  The hours have to be entered in the 24 hours mode format. 
 
AQSB operates equipment on Pacific Standard Time (PST) year round. 
 

3.2.8 Maintenance:  To access the MAINTENANCE input screen and define the 
units of the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

 
 Select MAINTENANCE on the MAIN MENU screen layout: 

 
 

 
 
MAINTENANCE 
 
Toggle Current Output between 0 - 20 mA or 4 - 20 mA with ENTER 
Purpose:  This screen enables you to put the instrument either in a 
Maintenance Mode or the normal Monitoring Mode. 
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Screen layout: 
MAINTENANCE 
Mainten. ON : < No > 
< Save with ENTER > 
Back with ESC 
How to exit this screen: Select the <Save with ENTER> entry and press the 
ENTER key.  You will reach the MAIN MENU screen. 
 
Notes:  On this screen the relay switches can be activated.  This triggers the 
message System in Maintenance to an external data logger.  As a result the 
datalogger should recognize that all measuring values are invalid. 
 
You can toggle between Yes or No on this screen by using the ENTER key. 
 
 

3.2.9 Pump:  To access the PUMP input screen and define the units of the 
variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select PUMP on the MAIN MENU screen 
layout:  
 
Select with ENTER 
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PUMP 
 
Purpose: On this screen you can switch the pump ON or OFF. 
How to reach this Screen: Select PUMP on the MAIN MENU screen. 
 
Screen Layout: 
PUMP 
Pump On : < Yes > 
Act. Value: 44 % 
< Save with ENTER > 
Back with ESC 
 
How to Exit this screen: Select the <Save with ENTER> entry and press the 
ENTER key.  You will reach the MAIN MENU screen. 
 
 
Notes: On this screen you can switch the pump On or Off.  When the pump 
has been switched Off, no flow passes through the instrument and 
consequently the measuring value should be zero. 
 

3.2.10 Language:  To access the LANGUAGE input screen and define the units of 
the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select LANGUAGE on the MAIN MENU 
screen layout: 
  
Select with ENTER 

 

 
 

LANGUAGE 
 
Purpose: This screen enables you to select the language which is used by 
the various user interface screens. 
 
Screen Layout: 
LANGUAGE 
< English > 
< Save with ENTER > 
Back with ESC 
How to Exit this screen: Select the <Save with ENTER> entry and press the 
ENTER key. You will reach the MAIN MENU screen. 
 
Notes:  On this screen you can select between English and German. 
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3.2.11 Calibration Data:  To access the CALIBRATION DATA input screen and 

define the units of the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select CALIBRATION DATA on the MAIN 
MENU screen layout: 
  
Select with ENTER 

 

 
 
CALIBRATION DATA 
Purpose: On this screen you can define inputs related to the calibration data 
function. 
 
ENTER key. You will reach the MAIN MENU screen. 
 
Screen Layout: 
CALIBRATION DATA 
Point 1 
Current: < 0 > < fA > 
Conc. :< 0 > < ng/m3 > 
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Point 2 
Current: < 0 > < fA > 
Conc. :< 0 > < ng/m3 > 
< Save with ENTER > 
Back with ESC 
How to Exit this Screen: Select the <Save with ENTER> entry and press the  
Notes:  On this input screen you have the capability of defining your own 
calibration function: 
 
Use the Navigation Block to move between selections. 
You have to define the numerical values and units associated with two 
coordinate points (requiring a total of 4 numerical inputs and 4 inputs 
regarding units). 
 
For each coordinate point you must enter the current and matching 
concentration value.  For the units associated with current you can select 
between fA (femtoampere) and pA (picoampere).  For the units associated 
with concentration you can select between ng/m³ and μg/m³. 
 
Usually you should use Point 1 to define the zero offset in your calibration 
function (i.e. zero current does not correspond to zero concentration).  If your 
calibration function does not have a zero offset then enter 0 for both entries 
associated with Point 1. 
 
If you enter the value 0 for all numerical inputs (Point 1 and Point 2) on this 
screen, the instrument assumes that you do not have a calibration function 
and displayed values are in picoamperes or femtoamperes. 
 

3.2.12 Zero Point:  To access the ZERO POINT input screen and define the units of 
the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select ZERO POINT on the MAIN MENU screen 
layout:  
 
Select with ENTER 

 

 
 
 ZERO POINT 

Purpose: On this screen you can reset the zero point for your system. 
 
Screen layout: 
ZERO POINT 
Act. zero: 0.8 
Time: 95 
< Save with ENTER > 
Back with ESC 
How to Exit this Screen : Select the <Save with ENTER> entry and press 
the ENTER key. You will reach the MAIN MENU screen. 
 
Notes: 
On this input screen you have the capability to reset the zero point for the 
system.  Simply leave the system in this Zero Point screen untouched for a 
short period of time (approximately 5 minutes).  Observe the value displayed 
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for Act. zero.  Once this value stabilizes use the Navigation Block keys to 
select the <Save with Enter> selection.  This will reset the zero point for the 
PAS 2000. 
 
After you have reset the Zero Point, the internal calculations have to be 
reset.  This may take a couple of measurement cycles.  Please ignore the 
first few values displayed by the instrument in the monitoring mode. After a 
couple of measurement cycles have elapsed proper values will be displayed 
by the PAS 2000. 
 
The Act. Zero value displayed by the instrument is a relative number. It is a 
zero, which is defined relative to the previous setting of the zero value. 
 

3.2.13 Data Storage:  To access the DATA STORAGE input screen and define the 
units of the variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
 

 
 

Using the Navigation Block, select DATA STORAGE on the MAIN MENU 
screen layout: 
  
Select with ENTER 
 
Select DATA STORAGE on the MAIN MENU Screen Layout: 
 

32  
 
 



AQSB SOP 804 
PAS-2000 

First Edition July 2009 
 

 

 
 
DATA STORAGE 
Purpose: This screen is used for the input of the parameters for data storage 
on the PAS 2000. 
 
Screen Layout: 
DATA STORAGE 
Cycle in sec: < 300> 
Index (4,89)  *Note*  Index (xx,yyy) xx is the actual section yyy is the actual 
index of the last stored value in this section.  A maximum of 14,000 data 
points can be stored 
< Save with ENTER > 
Back with ESC 
How to Exit this Screen : Select the <Save with ENTER> entry and press 
the ENTER key. You will reach the MAIN MENU screen. 
 
Note: In the example shown every thirty seconds an average value is stored 
in the memory of the analyzer.  To get five minute averages to be stored on 
the PAS 2000 you have to overwrite the input line with 300 seconds. To get 
60 minute averages to be stored on the PAS 2000 you have to overwrite the 
input line with 3600 seconds. 
 
All AQSB operated PAS2000s will use a 60 min timebase. 
 
 

3.2.14 Dilution:  To access the DILUTION input screen and define the units of the 
variable to be measured is as follows: 
 
Upon powering up the PAS 2000 the MAIN MENU screen will appear. 
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Using the Navigation Block, select DILUTION on the MAIN MENU screen 
layout:  
 
Select with ENTER 

   

 
 
 DILUTION  

Purpose: On this screen you can select the dilution factor and is only used if 
the analyzer has an additional dilution system attached.  Procedures for 
using the dilution system are found in the Users Guide, Appendix C. 
How to Exit this screen: Select the <Save with ENTER> entry and press the 
ENTER key. You will reach the MAIN MENU screen. 
 
Screen Layout: 
DILUTION 
Dilutionfactor 
D = < 1 > 
< Save with ENTER > 
Back with ESC 
 
Note: Set with <1>. 
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3.3 ESC 8800/8816/8832 Data Logger Configuration: 
 

ESC 8800 Data Logger Configuration 
LIST 00 
CHANNEL NUMBER: 10  
CHANNEL NAME: PAH1  
CHANNEL TYPE: 9 
STORE HOURLY AVERAGES: Y 
      HOURLY SIGMAS: N 
      HOURLY % VALID: N 
      HOURLY RANGE: N 
STORE AUX AVERAGES: N 
CHANNEL UNITS: UG/M3 
VOLTS FULL SCALE:  10.00 
SLOPE:  2000. 
INTERCEPT: 0.000 
DECIMAL POSITIONER: 0 
MAX READING:  2000. 
MIN READING: -0.0 
MAX RATE OF CHANGE:  5000. 
ALARM INTERVAL [N,M,A,H]: N 
BAD STATUS= XXXXXXXX XXXXXXXX  
CALIBRATION TYPE: N 
10-STEP CALIBRATION: N 
ON-LINE: Y 
 
ESC 8816/8832 Data Logger Configuration:   
Standard Cannel Configuration:  
ESC 8816/8832            Standard Channel Config.         

 Instrument Name : PAS2000 
 Analog Input Number : 10  
 Report Channel Number : 10 
 Volts Full Scale : 10 
 High Input : 10 V 
 Low Input : 0 V 
 High Output (E.U.s) : 1000 
 Low Output (E.U.s) : 0 
 Units : NG/M3 
 Base Avg. Interval, Storage : 1m  , 1d 55m 
 Average #1 Interval, Storage : 15m , 0s 
 Average #2 Interval, Storage : 1h  , 0s 
 Use 40CFR75 Validation (Y/N) : N 
 FINISHED (Configure Now)  
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*NOTE* 

The voltage output connection from the rear panel to the data logger is to be 
used for monitoring the concentration signal only and all data collected 
should NOT be used for final data submittal. 

 
3.4 Continuous ON Mode Operation: Continuous ON Mode Operation is an 

optional configuration for short duration monitoring only (less than 24 hours). 
In the normal mode of operation, the PAS 2000 usually operates in the 
ON/OFF mode.  This mode prolongs the lamp lifetime and at the same time 
there is a continuous check of the background signal during the OFF mode.  
However there may be some conditions under which you may want to 
operate the instrument in a continuous ON mode.  An example of such a 
situation is when you want to measure a rapidly changing transient signal.  
The following steps describe procedures used to put the analyzer in the 
continuous ON mode.  In Continuous ON Mode Operation, zeroing the 
instrument daily is recommended. 
For long term monitoring projects, the ON/ OFF Mode Operation 
configuration is recommended. 
 
Reset Lamp Parameters\ 
• Go to the MAIN MENU. Choose SYSTEM DATA. 
• From the System Data menu choose Lamp Parameters. 
• Make your Duty Cycle as 1/<0>. 
• Save the selection and return to the Main Menu. 
 
Reset Lamp Frequency and Intensity 
• Press 3262436 to enter the Diagnostic mode. 
• Wait for about a minute for the lamp frequency and intensity to stabilize. 
• Save entries and go back to the Main Menu. 
 
Reset Zero Point 
• From the Main Menu select the Zero Point selection. 
• Wait for a couple of minutes for the ZERO OFFSET to stabilize. 

 
3.5 Digital Output from the PAS 2000 
 

Note:  This output is the only source for data-for-record. 
Digital output can be obtained through the RS-232 serial port located on the 
back panel of the monitor.  The attributes of the port are: 9600 baud, 8 bit, no 
parity and 1 stop bit.  An RS-232 cable can provide a connection between 
this port on the PAS 2000 and a computer.  The PAS 2000 Data Acquisition 
Software (PAHDAS) should be used to display and store the real time 
measurements from the monitor.  Appendix B provides detailed information 
regarding the installation and operation of PAHDAS. 
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4.0 ROUTINE SERVICE CHECKS 
 
4.1 General Information:  Perform the following checks on the PAS 2000 at the 

intervals specified in the service schedule.  The checks may be performed 
more frequently but should be performed at least within the prescribed 
intervals.  Document and check information and maintenance on the CARB 
Monthly Quality Control Maintenance Check Sheet (Appendix A). 

 
4.2 Daily Check:  Review station datalogger values for correct operation of the 

PAS 2000. 
  
4.3 Weekly Checks:  Check the PAS 2000 for correct operation.  Perform data 

edits to allow for its timely submittal. 
 

Verify correct values in the: 
Front Panel in Monitoring Mode (Lamp Intensity, Frequency and Flow) 

 System Data Menu (Measuring Range, Current Output, Signal Filtering,  
 Lamp Parameters and Date + Time 
  
4.4 Bi-weekly Checks:  The bi-weekly flow check can be performed while the 

PAS 2000 is in normal operating mode.  Perform an inlet flow verification to 
ensure a flow rate of 2.0 LPM +/- 5 percent (1.9 to 2.1 LPM).  If the flow rate 
is not within 5% refer to Appendix C, in this document, Procedure for Making 
Adjustments to the Flow Rate of the PAS 2000. 

 
4.5 Monthly Checks: 
 

1) Complete and submit the PAS 2000 Monthly Quality Control 
Maintenance Check Sheet (Appendix A). 

 
2) Thoroughly clean inlet sampling line. 

 
3) Download and submit PAS 2000 data logger data with charts 

and maintenance sheets. 
 

Note: The data logger has approximately 48.6 days storage capacity 
with five minute averages being stored. 

 
4.6 Semi-Annual Checks:  Perform semi-annual PAS 2000 leak check of inlet 

sampling line and verification/calibration of standard flow to ensure a flow 
rate of 2.0 LPM +/- 5 percent (1.9 to 2.1 LPM).  If the flow rate is not within 
5% refer to Appendix C, in this document, Procedure for Making Adjustments 
to the Flow Rate of the PAS 2000. 
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5.0 MAINTENANCE PROCEDURES 
 
5.1 Pump Diaphragm Check/Replacement:   When flow check exceeds +/- 5% of 

2.0 LPM, refer to Appendix C, in this document, Procedure for Making 
Adjustments to the Flow Rate of the PAS 2000.  If flow cannot be adjusted, 
replace pump diaphragm.  

 
5.2 Lamp Replacement:  When lamp intensity or frequency exceeds the 

specifications of 95-105 and 15 kHz replace lamp.  Procedures for 
exchanging the excimer lamp are found in the PAS 2000 Users Guide, 
Appendix D. 

 
5.3 Ion Tube Cleaning:  The manufacturer recommends cleaning the ion tube by 

blowing clean compressed air through the tube when removed during the 
change of the excimer lamp 
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California Air Resources Board 

Quality Control Maintenance Check Sheet 
EcoChem PAS 2000 PAH Monitor 

 
Site Name:       Month / Year:     
Station Number:      Operator Name:     
Property Number:            Agency:     

DATE / TIME 
       WEEKLY CHECK 

PERFORMED        
       Date / Time Display   

(+/-1 min of Actual) 
       

 Lamp Intensity Display 
 (98-102%) 

       

Lamp Freq. Display 
 (<15 kHz) 

       

Indicated Flow Display  
(1.8 – 2.2 SLPM) 

       

Standard Flow (SLPM) 
(+/- 5% of Indicated) 

       

Concentration Display   
(0-2,000 ng/m3) 

       

Data Logger 
Concentration (ng/m3) 

       

Operator’s Initials        
 

Flow Meter #:   __Cert. Date:   __  Slope:   __ Offset:   __   
Operator Instructions:   
1)  Daily or Weekly Checks:  Review data and recorder charts daily and perform weekly checks. 
2)  Bi-Weekly Checks:  Perform an inlet flow verification to ensure a flow rate of 2.0 LPM +/- 5 
percent (1.9 to 2.1 LPM).  If the flow rate is not within 5% refer to Appendix C of the PAS 2000 
SOP, Procedure for Making Adjustments to the Flow Rate.  Date Checked:______/_____/_____ 
3)   Monthly Checks:  Perform the following checks and record results:       
Pump Act. Value Display:  ___________  (Power Use Factor 40 - 55%; Replace Pump if >55%)  
Date Size-Selective Inlet Cleaned: _______________     
4)   Quarterly or Annual Checks:  Clean Ion Tube Quarterly.  Date Last Cleaned: _________ 
Clean or Replace Sample Probe Annually.  Date Last Cleaned or Replaced:  __________         
Date of Last Factory Calibration / or Service: ________________      

DATE COMMENTS 
  
  
  

Appendix A 
Monthly Quality Control Maintenance Check Sheet 
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 ARB Calibration Report - PAS 2000 
EcoChem Analysis Photoelectric Aerosol Sensor 

     
     

 ID Information:     

Station Name: Lodi DSS As Is: X 
Site #: JR-1 Final:  

Property #: 20026996 Calib. Date: 06/26/07 
Agency: ARB  Last Cal: N/A 

      

     
Flow Calibration (2.0 L/min +/- 5% = 1.9 to 2.1 L/min):   MFM Flow: 

WCPC Flow Display: Std. Display: Corrected Flow:  2.00 

2.00 2.00 % Diff.:  0.00% 

     
     
     
     

Flow Verification (2.0 L/min +/- 5% = 1.9 to 2.1 L/min):   MFM Flow: 

WCPC Flow Display: Std. Display: Corrected Flow:  2.00 
2.00 2.00 % Diff.:  0.00% 

     
     
     
     
     
     

Comments:     
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PROCEDURE FOR MAKING ADJUSTMENTS TO THE FLOW RATE OF THE PAS 2000 

 
1. Connect the PAS 2000 to a flow meter. 
 
2. Run the instrument for at least 10 minutes to get stable flow. 
 
3. When the front screen displays MEASURING VALUE enter:   ?..ESC (A 

question mark followed by period followed by period followed by ESCAPE 
key) 

 
4. Press the ESC key to enter the MAIN MENU. 
 
5. Select SYSTEM DATA (first entry on top) 
 
6. Select TEST for Service (last entry on screen) 
 
7. You have to make modifications to entry 3. 
    For example, it may read like:       3:F 0.075>N 2.000 
 

a. The value which you change is the variable following F.  In the above 
example, if 0.075 is changed to 0.078 then the flow rate will decrease, 
if 0.075 is changed to 0.072 then the flow rate is increased.  That is, 
higher values of F result in lower flow rate and lower values of F result 
in higher flow rates. 

 
b. The relationship between F and the flow rate is non-linear and specific 

to each analyzer.  Thus you have to make small changes on a trial-
and-error basis to adjust the flow rate. 

 
8. In order to enter a new value for F: 
     

a. Use the DOWN key to go the appropriate row. 
b. Enter a new number like 000.078. 
c. Press the ENTER key. 
d. Use the DOWN key and scroll down to the entry called <Save with 

Enter>. 
e. Power OFF the analyzer. 
f. Wait one minute. 
g. POWER ON the analyzer. 

 (Note, if you do not press ENTER in steps c and d, the changes will not be saved) 
 

Appendix C 
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9. Wait 10 minutes for the flow to stabilize and compare the flow meter reading with 
the front panel display reading.  If necessary, repeat steps to make further 
adjustments. 

 
 
 

GENERAL COMMENTS 
 

1. Follow the above instructions closely to ensure a successful change in the 
flow rate.  If you make a mistake or do not follow the correct sequence, 
please power off the analyzer, start it up again and try making the changes 
again. 

 
2.  Usually after making a flow rate adjustment, you should check the calibration 

factor for your instrument. Small adjustments to the flow rate do not affect 
the calibration factor however this is instrument specific. 

 
3.  Due to the nature of the pump within the PAS instrument and also the flow 

meter methodology of controlling the flow rate, you will observe small 
fluctuations in the flow rate.  The front panel reading of the flow rate has a 
signal filtering time constant.  Hence when you compare the PAS flow rate to 
an external flow meter, you should take into account the dynamic 
characteristics of the two instruments.  For example, a high speed mass flow 
controller based flow reading will appear noisier than the reading on the front 
panel of the PAS.  There may also be a time delay in the signals associated 
with the two flow readings. 

 
4. Flow meters are sensitive instruments and are adversely affected by 

transportation.  Hence if you make flow adjustments and subsequently 
transport the instrument, it is possible that further adjustments may be 
required.  Thus it is best to make flow adjustments on-site and after the 
instruments have been located at their final destination. 
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