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1 General 

1.1 Purpose 
 The purpose of this Standard Operating Procedure (SOP) is to provide a 
set of written instructions that document routine maintenance and operation 
procedures for measurement of the Thermo Electron Corporation Model 42i 
NO/NOX/NO2 Analyzer 

 The AQIS Operator is ultimately responsible for the Air Monitoring Site 
data quality.  If a critical failure is being reported or the analyzer is over the 
“Validation Tolerance” the AQIS Operator shall “Disable” the onsite 
Datalogger immediately.  Consultation with the Senior AQIS can be 
made after the fact. 

1.2 Safety 

Air Monitoring Stations have a great many reasons for safety concerns.  Please 
see “Station Safety Manual”, SOP’s for Specific Instrumentation and 
Manufacture’s Instrument Manuals and Recommendations.   

1.3 References 
• Thermo 42i NO/NOx NITROGEN OXIDES ANALYZER, 

 Instruction Manual 
• “SOP for General Air Monitoring Station Operations” 

1.4 General Description 
 The Thermo Electron Corporation Model 42i is designated by the United 
States Environmental Protection Agency (USEPA) as an Equivalent Method for 
the measurement of ambient concentrations of nitrogen dioxide 
 
The Model 42i meets EPA designation requirements when operated as follows: 
  Range     50 to 1000 ppb 
  Averaging Time    10 to 300 seconds 
  Temperature Range   15 to 35 °C 
  Line Voltage    90 to 110 Vac @50/60 Hertz 
       105 to 125 Vac @50/60 Hertz 
       210 to 250 Vac @50/60 Hertz 
  Pressure Compensation   ON or OFF 
  Temperature Compensation  ON or OFF 
  Flow Rate     0.5 to 1.0 LPM 
    RS-232/RS-485 Interface 
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1.5 Principal of Operation: 
 The Model 42i operates on the principle that nitric oxide (NO) and ozone 
(O3) react to produce a characteristic luminescence with an intensity linearly 
proportional to the NO concentration. Infrared light emission results when 
electronically excited NO2 molecules decay to lower energy states.  
 Specifically,    

    NO + O3 → NO2 + O2 + hv 
 
 Nitrogen dioxide (NO2) must first be transformed into NO before it can be 
measured using the chemiluminescent reaction. NO2 is converted to NO by a 
molybdenum NO2-to-NO converter heated to about 325 °C (the optional 
stainless steel converter is heated to 625 °C). 
 The ambient air sample is drawn into the Model 42i through the sample 
bulkhead, as shown in the Flow Schematic. The sample flows through a capillary, 
and then to the mode solenoid valve. The solenoid valve routes the sample either 
straight to the reaction chamber (NO mode) or through the NO2-to-NO converter 
and then to the reaction chamber (NOX mode). A flow sensor prior to the 
reaction chamber measures the sample flow. 
 Dry air enters the Model 42i through the dry air bulkhead, passes through 
a flow switch, and then through a silent discharge ozonator. The ozonator 
generates the ozone needed for the chemiluminescent reaction. At the reaction 
chamber, the ozone reacts with the NO in the sample to produce excited NO2 
molecules. A photomultiplier tube (PMT) housed in a thermoelectric cooler 
detects the luminescence generated during this reaction. From the reaction 
chamber, the exhaust travels through the ozone 
(O3) converter to the pump, and is released through the vent. 
 The NO and NOX concentrations calculated in the NO and NOX modes 
are stored in memory. The difference between the concentrations is used to 
calculate the NO2 concentration. The Model 42i outputs NO, NO2, and NOX 
concentrations to the front panel display, the analog outputs, and also makes the 
data available over the serial or Ethernet connection. 

• Model 42i Flow Schematic 
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2 Siting and Installation:  

2.1 Initial Setup and Installation: Station Operations 
• Verify Correct Instrument Installation 
• Verify Receipt of Current Instrument Manual 
• Verify Receipt of all Instrument Log Books  
• Verify Receipt of Instrument Specific Maintenance Sheet  
 

2.2 Physical Instrument Inspection: Station Operations  
Verify the Following 

• Sufficient space in front of and behind the instrument for service and 
maintenance routines  

• Electrical Connections:  
Verify Clean and professional installation, check for loose wires and 
connections and proper clearance for instrument inspection and 
maintenance (Figure 2)  
(Thermo 42i NO/NOX/NO2 Instruction Manual pg 2-5 thru 2-8 and 3-9 
thru 3-12)  

• Pneumatic Connections:  
Verify correct tubing and connection installation, check for clearance and 
damaged tubing, verify correct inlet/outlet (exhaust) connections (Figure 2) 
(Thermo 42i NO/NOX/NO2 Instruction Manual pg 2-3) 

• Initial Startup: 
Verify Intial startup procedure corresponds with factory firmware and 
calibration  
(Thermo 42i NO/NOX/NO2 Instruction Manual pg 2-9, 3-6 & 3-58) 

• Initial Calibration: 
Verify multi-point calibration; verify documentation of calibration in Station 
Logbook, Instrument Logbook & Monthly Maintenance Sheet 

 (Thermo 42i NO/NOX/NO2 Instruction Manual Chapter 4) 
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3 Routine Servicing 

3.1 General Information 
Perform the following checks at the intervals specified in the service 
schedule.  The checks may be preformed more frequently but should be 
preformed at least at the prescribed intervals.  Be sure to document all 
results of maintenance and downtime on the monthly maintenance sheet 
and downtime log.  The Downtime Log, Monthly Maintenance sheet and 
Maintenance Summary Table are included as attachments. 

3.2 Data Validation 

 
 One Point QC Check – Daily - Required every 2 Weeks 

±10 % = Out of Tolerance – Disable – Report 
±07 % = Out of Tolerance Warning – Report 

AQIS Operator shall record the current Span readings from the Chessell 
Video Recorder on the PC/SPAN maintenance sheet.  Verify that the 
readings are within the Acceptance Criteria Range.   

Data Validation can be an issue if the Data is outside this range.  Perform 
a visual inspection of all instruments to ensure that they are not damaged 
and are functioning correctly.    

Review the Chessell Video Recorder data for the preceding week to 
ensure that data appears to follow normal patters and check appropriate 
box to indicate whether traces are normal on maintenance sheets. 

3.3 AM Work Orders 

The AQIS Operator shall in the course of duties utilize as explained in the 
“SOP for General Air Monitoring Station Operations” the “AM Work Order” 
Procedure. 

If a critical failure is being reported or the analyzer is over the “Validation 
Tolerance” the AQIS Operator shall “Disable” the on-site Datalogger 
immediately.  Consultation with the Senior AQIS can be made after the fact. 
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3.4 Daily* Tasks: Station Operations Thermo 42i NO/NOX/NO2 
Instruments 

 
• Check NO/NOX/NO2 Instrument Status on Chessel 

• Check that “Sample” mode is On 
• Check for Alarms (Record in Station Logbook, Instrument Logbook & 

Monthly Maintenance Sheet if any & Notify Senior if unable to resolve; Fill 
out Downtime log if necessary  

• Record any problems or changes in Station Logbook, Instrument Logbook 
& Monthly Maintenance Sheet 

*on the day that the operator services the station 
 

3.5 Weekly Tasks: Station Operations 42i NO/NOX/NO2 
Instruments 

 
• All Checks to be run with Zero Air through gas calibrator for a minimum of 

15 minutes: Record downtime in downtime log. 
 

• Record & Check Time & Align with ESC (± 5 min) 
• Replace Inline Filter  
• Complete maintenance check sheet (Values Obtained from Main 
Menu > Diagnostics > …..) (Figures 3 & 4 & Table 1) 

1. Check & Record PMT Supply (-700  –  -1100 Volts) 
2. Check for Variances in Voltages (Interface, I/O & 
Motherboard) 
& Record Any In Comments 
3. Check & Record Internal Temperature (8– 47°C) 
4. Check & Record Chamber Temperature (47 – 51°C) 
5. Check & Record Pressure  (50 – 300 mmHg) 
6. Check & Record Flow (0 – 1.0 Lpm) 
7. Check & Record Ozonator Flow (OK) 

• Check Alarms (Alarms Detected – None) (Obtained from Main 
Menu > Alarm) 
• Check Calibration Factors – NO/NOX BKGN & NO/NO2/NOX 
COEF (Obtained from Main Menu > Calibration factors) with those 
recorded in the Instrument Logbook & recorded on monthly 
maintenance sheet 
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3.6 Monthly Task: Station Operations Thermo 42i NO/NOX/NO2 
Instruments 

• Perform Analog Output Test for Zero & Full Scale  
(Thermo 42i Instruction Manual pg 3-62) 

• Zero Span Check for NO/NOX/NO2    
  Parameters    Response  

  > or < than +/- 10 PPB  Invalid Data Call in work order 
  -15 to -5 PPB or 5 to 15 PPB Perform Manual Zero Adjustment 
  -5 to 0 PPB or 0 to 5 PPB  No Adjustment Needed 
 
(See Detailed Maintenance Procedure & Adjustment Zero Span for procedure on 
Manual Zero adjustment) 
 

3.7 Semi Annual Tasks: Thermo 42i NO/NOX/NO2 Instruments 

3.7.1 Station Operations:  
• Clean Manifold, Probe Inlet & Instrument tubing/lines  

• Clean Fan & Fan Filter (See Detailed Maintenance Procedure 
Cleaning or Replacing Fan Filter: Figure 1) 

• Verify Following Task Completion and Documentation of the following 

3.7.2 Support Group:  
• Multi-Point Calibration: (Thermo 42i NO/NOX/NO2 Instruction 
Manual Chapter 4) 
• Analog Output Calibration: (Thermo 42i NO/NOX/NO2 Instruction 
Manual pg 3-83 & 7-29) 

3.8 Annual Tasks: Thermo 42i NO/NOX/NO2 Instruments 

3.8.1 Station Operations: 
• Verify the Following Task Completion and Documentation of the 
following 

3.8.2 Support Group: 
• Flow Calibration: (Thermo 42i NO/NOX/NO2 Instruction Manual pg 
3-77) 
• Pressure Calibration: (Thermo 42i NO/NOX/NO2 Instruction 
Manual pg 3-75) 
• Temperature Calibration: (Thermo 42i NO/NOX/NO2 Instruction 
Manual pg 3-81) 
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4 Documentation: 

4.1 Station & Instrument Logbooks 
The AQIS Operator shall maintain as explained in the “SOP for General Air 
Monitoring Station Operations” the Station and Instrument Logbooks.   

4.2 Monthly Downtime Log 
Complete the Monthly Downtime Log as per instructions in the “SOP for General 
Air Monitoring Station Operations” Section.4.5 and submit as described. 

4.3 Maintenance Sheets 
Complete and submit the API 200E NO/NOx Monthly Maintenance sheet to the 
Senior AQIS for review.  Once reviewed, the Senior AQIS submits the 
maintenance sheet to Data Validation for review 
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5 Trouble Shooting: 

5.1 General 
Before starting any troubleshooting procedure, refer to Thermo 42i NO/NOX/NO2 
Instruction Manual Chapter 5 & 6 for more specific information.   
 
Check for Leaks at all obvious connections 
Check all electrical connections, specifically those at the ESC & Chessel 
connection, check for proper grounding 

5.2 Detailed Maintenance Procedures 

5.2.1 Zero/Span Check: General 
The zero and span check procedure is preformed at the air monitoring 

site.  When completing this procedure the operator will comply with instruction 
from the manufacturer’s operation manual.  (Thermo 42i NO/NOX/NO2 
Instruction Manual page 3-22 & 4-10) 
 To complete the procedure the operator may examine the nightly 
span/precision values to verify zero values or the operator use the gas dilution 
system to zero/span the criteria pollutant analyzers.  During the procedure verify 
the analyzer is in normal operation mode. 
 The following is a general description of the instrument zeroing procedure.  
Instrument specific procedures are included in the attached appendix. 
 

• Initiate the flow of zero air through the analyzer until it stabilizes; 
approximately 15 minutes 

• Compare the values from the Chessell or ESC data logger to the table and 
determine if adjustments are required 

• If adjustments are required note the old calibration factors both in the 
logbook and on the maintenance sheet. 

• While running zero air, place the instrument in the calibration mode and 
run for at least 15 additional minutes. 

• Press the “zero mode” function 
• Press the “enter button” 
• The instrument should now have a new “zero” or “intercept “value” 
• Record these new values both in the log book and on the maintenance 

sheet. 
 
Please be sure to note any additional information regarding erratic instrument 
behavior.   
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5.2.2 Zero Span Calibration  
(Thermo 42i NO/NOX/NO2 Instruction Manual page 3-22 & 4-10) 
 
 The Calibrate NO and NOX Background screen is used to adjust the SO2 
background, or perform a “zero calibration”. Before performing a zero calibration, 
ensure the analyzer samples zero air for at least 15 minutes.  
 It is important to note the averaging time when calibrating. The longer the 
averaging time, the more precise the calibration will be. For the most precise 
calibration, use the 300-second averaging time. For more information about 
calibration, see Chapter 4, “Calibration”. 
 

• In the Main Menu, choose Calibration > Calibrate Zero. 
 

• Press                to set the new reading to zero. 
  

    Zero Calibration Screen 
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5.2.3 Cleaning or Replacing Fan Filter: 
• Remove Fan Guard 
• Wash Filter & Allow to Air Dry Before Reinstallation 
• Replace Filter if Damaged 

 

Figure 1  Fan Assembly 
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Figure 2   Back Panel 
 

 
 
 

Figure 3 Front Pane 
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Figure 4  Soft Keys Panel 
 

 

6 Table 1: Soft Key Functions 
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Table 2 Maintenance Interval 
 
 

Maintenance Summary Table 

Interval Maintenance Responsibility 

Daily 

Review all data collected from the 
previous day for all sites by viewing data 

remotely or Chessell strip-chart.  Data 
should be compared to the previous day 

for consistency. Perform a visual 
inspection of all instruments to ensure 

that they are not damaged and are 
functioning correctly. 

 

Station Operator 

Weekly 

Complete all weekly maintenance sheet 
tasks.  Record the current readings from 
the Chessell strip-chart recorder and data 
logger in the appropriate columns on the 
PC/SPAN maintenance sheet.  Perform a 

visual inspection of all instruments to 
ensure that they are not damaged and 
are functioning correctly. Review the 

Chessell strip-chart data for the preceding 
week to ensure that data appears to 

follow normal patters and check 
appropriate box to indicate whether 
traces are normal on maintenance 
sheets. Notify Senior if otherwise. 

 

Station Operator 

Monthly Perform Analog Output Test for Zero & 
Full Scale, Zero Span Check  Station Operator 

Semi-Annually 

Clean Manifold, Probe Inlet, & Instrument 
tubing/lines, Clean Fan & Fan Filter Station Operator 

Multi-Point Calibration, Analog Output 
Calibration 

Repair/Calibration 
Technician 

Annually Flow Calibration, Pressure Calibration, 
and Temperature Calibration  

Repair/Calibration 
Technician 
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Appendix A:  Thermo 42i NO/NOx Maintenance Sheet 
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