QUARTERLY INDEPENDENT AUDIT PROCEDURES
for
AIR QUALITY MONITORING EQUIPMENT OPERATED BY ITEC MEMBER TRIBES
Revision:  August 2015
The Cherokee Nation Environmental Programs (CNEP) Clean Air Monitoring group serves as an independent auditor for ITEC member tribes operating ambient air monitoring equipment in Oklahoma, Texas and New Mexico.  The purpose of these independent audits is to provide the tribes with independent assessments of the performance of their equipment.  These audits are performed on a quarterly basis at the request of member tribes, but can also be conducted on an as-needed basis.  A hard copy of the audit results is mailed to the tribe within thirty days of the audit; if any equipment fails the audit, the tribe will be informed within 24 hours following the audit so that the problem can be corrected in a timely manner.
The scope of a quarterly independent audit depends on the types of equipment present at each air quality monitoring station and the air quality parameters that the equipment is designed to monitor.  A given station may monitor for one or more of the following parameters:  ozone (O3); carbon monoxide (CO); sulfur dioxide (SO2); nitrogen oxides (NO, NOx, NOy); fine particulate matter of 10 micrometers or 2.5 micrometers in size (PM10, PM2.5); total suspended particulates (TSP); and meteorological parameters (temperature, relative humidity, rainfall, wind speed, wind direction, solar radiation, barometric pressure).  

Quarterly independent audits are normally performed during the last few weeks of a calendar quarter, with quarters ending on March 31st, June 30th, September 30th, and December 31st.  Quarterly independent audits are used in the identification and correction of problems and serve the purpose of quality assurance.

CNEP currently performs quarterly independent audits of equipment operated by the Quapaw Tribe, Delaware Nation, and Kaw Nation.  The Sac and Fox Nation and Choctaw Nation plan to resume monitoring and will be using CNEP’s auditing services in the future.  All of these tribes are located in Oklahoma.
The following sections of this SOP provide a brief overview of quarterly independent audit procedures conducted by CNEP.  

Overview of Quarterly Multi-Point Linearity Check Procedures for O3, CO, SO2, and Nitrogen Oxides
A multi-point linearity check evaluates the accuracy with which monitoring equipment can measure known quantities of O3, CO, SO2, and nitrogen oxides.  The measurement accuracy of each instrument is evaluated over a range of concentrations for each of these criteria pollutants, with the concentration range spanning 80% of the full scale of the instrument.  A multi-point linearity check measures five or more known concentrations of each criteria pollutant of interest, with the concentrations spanning a range from zero to the concentration corresponding to 80% of the full scale of the analyzer.  The general procedure for a multi-point linearity check is the same for O3, CO, SO2, and nitrogen oxides, although certain details of the procedure may vary from one criteria pollutant to another.  The following paragraph describes the general SOP for a multi-point linearity check of an ozone analyzer.

General SOP for Multi-Point Linearity Check of an Ozone Analyzer 
1. Suspend ozone data collection by using the datalogger (a data recording instrument separate from the ozone analyzer) to place ozone analyzer in maintenance mode.

2. Connect the zero air generator to the ozone generator/calibrator, then connect the calibrator to the ozone analyzer.  Allow the equipment to equilibrate.

3. Measure zero point by sending pure air through calibrator to the ozone analyzer.  When the concentration of ozone shown on the analyzer stabilizes at or near zero, record the concentration shown on the datalogger in an Excel spreadsheet on a laptop.

4. Measure span point of linearity check by adjusting calibrator to send known span concentration of ozone through the ozone analyzer.  (The span concentration of ozone corresponds to 80% of the full scale of analyzer.)  When the concentration of ozone shown on the analyzer stabilizes at or near the span concentration, record the ozone concentration shown on the datalogger in an Excel spreadsheet on a laptop.

5. Repeat step #4 for at least three additional points between 80% of full scale of the analyzer and zero; one of these points should represent typical background concentrations. 
6. Complete the ozone linearity check by repeating step 3 above, recording the final zero value in the Excel spreadsheet.
7. Disconnect calibrator from ozone analyzer and reconnect ambient air supply line to analyzer.  Allow the ozone concentration of the analyzer to stabilize.

8. Resume ozone data collection by using the datalogger to take the ozone analyzer out of maintenance mode.

The Excel spreadsheet used during the independent audit calculates whether each measured ozone concentration falls within the expected (allowable) measurement range.  The analyzer fails the linearity check if one or more of the measured concentrations fall outside the expected measurement range required by EPA guidance and/or the tribe’s Quality Assurance Project Plan (QAPP).  Acceptance criteria are typically ± 15% for an independent audit.  

General SOP for Multi-Point Linearity Checks of CO, SO2, and Nitrogen Oxide Analyzers
The general SOP for multi-point independent audits of CO, SO2, and nitrogen oxide analyzers are very similar to the general SOP for an ozone analyzer shown above.  That is, multi-point linearity checks of CO, SO2, and nitrogen oxide analyzers consist of the same key elements performed in the same sequence of steps shown for the ozone linearity check above.  Nevertheless, there are some important differences between multi-point linearity checks of CO, SO2, and nitrogen oxide analyzers and the multi-point linearity check for an O3 analyzer.  The most important differences are as follows:

1. A verified gas cylinder must be used in the multi-point linearity checks of CO, SO2, and nitrogen oxide analyzers.  The gas cylinder must be transported to the station whenever an independent audit is to be performed.

2. A multi-point linearity check of a nitrogen oxide analyzer includes a titration phase.  The titration phase immediately follows the measurement of the precision point for the nitrogen oxide analyzer, and it immediately precedes the completion of the linearity check.  In the titration phase, an ozone generator is used to send different concentrations of ozone to the nitrogen oxide analyzer.  The concentrations of nitrogen oxides measured by the nitrogen oxide analyzer in each of the steps of the titration phase are recorded in the Excel spreadsheet on a laptop.

As with the multi-point linearity check of an ozone analyzer, the Excel spreadsheets used during multi-point linearity checks of CO, SO2, and nitrogen oxide analyzers calculate whether each measured concentration of CO, SO2, and the various nitrogen oxides falls within the expected (allowable) measurement range.  The analyzer fails the linearity check if one or more of the measured concentrations falls outside the expected measurement range required by EPA guidance and/or the tribe’s Quality Assurance Project Plan (QAPP).  Acceptance criteria are typically ± 15% for an independent audit.  
Equipment Needed for Independent Audit Procedures for O3, CO, SO2, and Nitrogen Oxides
Some or all of the following equipment will be needed for independent audits of O3, CO, SO2, and nitrogen oxide analyzers.

Equipment to take to site for an independent audit:
· Laptop computer and USB key with appropriate audit forms
· Perma Pure zero air generator 
· Environics 6103 ozone transfer standard multi-gas calibrator, Thermo Environmental 49C O3 calibrator, or similar instrument

· Verified cylinder of gas standard, if needed 

· Two-stage stainless steel regulator for gas cylinder

· Pressure gauge (0 to 30 psi)

· Precision absolute manometer (ambient pressure transducer) to record ambient pressure
· Long tubing and connectors (PTFE, FEP, or PFA Teflon type material)

· Box of assorted tubing and connectors

· Vent hose

· Extension cord with multiple, grounded outlets

· Keys to gate and to shelter at air monitoring station; keys must be borrowed from, or provided by, client in case of independent audit

Overview of Independent Audit Procedures for PM10 and PM2.5 MetOne BAM 1020
A general SOP for a quarterly independent audit of PM10 and PM2.5 MetOne BAM 1020 equipment consists of the following sequence of steps:

Suspend data collection by using the datalogger to place the analyzer in maintenance mode.

· Flow check of analyzer. Using the BAM-1020 screen, navigate from the main screen to OPERATE MODE to NORMAL MODE and observe the flow rate while the instrument is sampling. Remove the PM10 head from the inlet tube and install the reference flow meter onto the inlet in its place.  (If a PM2.5 cyclone is used, install the reference flow meter directly onto the cyclone.) Compare the flow measured with volumetric air flow calibrator with total flow shown on the instrument screen.  Record these values in the audit spreadsheet.
· Leak check of analyzer. Using the BAM 1020 screen, enter the TEST > TAPE menu, which will stop the operation cycle of the unit.  Press the FWD soft key to advance the tape to a clean, unused spot.  Remove the PM10 head from the inlet tube and install a leak test valve onto the inlet tube.  (If a PM2.5 cyclone is used, install leak test valve directly onto the cyclone.)  Turn the valve to the off position.  Enter the TEST > PUMP menu and turn the pump on; the standard flow rate on the BAM display should stabilize at less than 1.0 L/min.  After recording the values in the audit spreadsheet, turn off the pump and remove the leak check valve.  Exit the TEST menu and return to OPERATE mode.

Take the analyzer out of maintenance mode.

Some or all of the following equipment will be needed for independent audits of PM10 and PM2.5 continuous monitoring equipment.
Equipment to take to site for independent audit:
· Laptop computer and USB key with appropriate audit forms
· Volumetric air flow calibrator 

· Flow adapter for PM10 and PM2.5 ambient air inlets

· Keys to gate and to shelter at air monitoring station; keys must be borrowed from, or provided by, client in case of independent audit

Overview of Independent Audit Procedures for the Ecotech HiVol-3000
A general SOP for a quarterly independent audit of the Ecotech HiVol-3000 equipment consists of the following sequence of steps:

Raise the inlet hood. Remove the filter from the filter cassette then install the orifice plate on top of the cassette. The assembly is fastened with two thumb screws, one on either side of the filter cassette. 
Firmly finger tighten the two thumb screws to ensure a good seal (without bending the plate). Connect a digital manometer to the port on the side of the orifice plate with a length of flexible tubing. 

Make sure there are no leaks between the sampler and orifice plate. Check that the flexible tube is connected securely. 
From the Main Screen, go to the Manual Menu and switch on the HiVol to check the operating flow rate.  Press Exit to go back to the Main Screen where the flow, pressure and temperature are displayed.  Compare the flow measured with the digital manometer with total flow shown on the instrument screen and record these values in the audit spreadsheet.  Compare the temperature and pressure measured with a digital thermometer and pressure transducer or a volumetric air flow calibrator with the values shown on the screen, and record these values in the audit spreadsheet. 
Return to the Manual Menu and switch off the HiVol.  Remove the orifice plate and replace the filter in the filter cassette.  Close the inlet hood.
Some or all of the following equipment will be needed for independent audit of the Ecotech HiVol-3000.

Equipment to take to site for independent audit:
· Laptop computer and USB key with appropriate audit forms

· Orifice plate

· Extech digital manometer

· Volumetric air flow calibrator or digital thermometer and pressure transducer

· Keys to gate and to shelter at air monitoring station; keys must be borrowed from, or provided by, client in case of independent audit

Overview of Independent Audit Procedures for Meteorological Equipment
In an independent audit of meteorological equipment, the values measured by the on-site equipment are compared to measurements obtained for these parameters by audit standards. A given station may monitor for one or more of the following parameters: temperature, relative humidity, barometric pressure, wind speed, wind direction and rainfall.  Audit standards are certified annually using NIST-traceable instruments by an independent laboratory. Equipment passes the audit if measured parameters are within a given range of the same parameters measured with the audit standards.  The acceptable range is specified in federal regulations and guidance and in the Quality Assurance Project Plan for the equipment.

A general SOP for an independent audit of meteorological equipment consists of the following sequence of steps:

In the site datalogger, take the subject channel(s) out of service.
Lower the Met Tower:
· First, record the as-found orientation value for the wind vane or the sonic sensor. Verify the alignment by viewing the vane or sonic sensor from the ground.  Take proper safety measures to lower the met tower.  Use a stand to support the tower, if applicable.

Wind Direction / Bearing Torque:
· Lock the wind vane using manufactures set screw setting at 180( and compare to datalogger reading.

· Remove the set screw, and loosen the wind vane lock screw on side of vane hub.

· Remove wind vane from sensor shaft.

· Install bearing torque disc by sliding on (Figure 1).

· Rotate wheel to level position (Figure 2).

· Determine torque by placing screws in holes (Figure 4) to obtain deflection (Figure 3). Use stainless steel screw (1.0 gm).
· For independent audit, check wind speed operation manual for proper torque setting.

· Let go of disc. Deflection will be slight (~15º).

· If deflection is greater than 15(, torque is ok.

· If deflection is less than 15(, set screw to next outer hole position.

· Record reading in audit sheet, remove disc and proceed to “Wind Direction/Vane Check”.

Wind Direction / Vane Check:

· With vane removed, place 360( locater disc on sensor.

· Place wind vane back on shaft and align vane to read 180( in the manufactures screw set position.

· Remove factory set screw and align vane pointer to 0( and record data logger reading.

· In clock-wise rotation, record readings at 90(, 180(, 270( and 0(.

· Continue in counter clock-wise rotation recording 270(, 180(, 90( and 0(.

· Remove vane and locator disc.

· Replace vane, set to manufacturers 180( set point and ensure data logger reading is 180(. 

· Remove set screw.
Wind Speed / Anemometer Bearing Torque:

· Loosen the cup wheel set screw on side of hub.

· Remove cup wheel from anemometer shaft

· Install bearing torque disc by sliding on, and allow sensor to rotate to balance position (Figure 1).

· Holding hub, rotate indicator wheel to level position (Figure 2)

· Determine torque by placing screws in holes (Figure 4) to obtain deflection (Figure 3).

· Rotate torque disc at least one turn. Then hold line of threaded holes in a horizontal position.

· For independent audit, check wind speed operation manual for proper torque setting. Use black nylon screws (0.1 gm).

· Let go of disc. Deflection will be slight (~15º).

· If deflection is greater than 15(, torque is ok.

· If deflection is less than 15(, set screw to next outer hole position.

· Record reading in audit sheet, remove disc and proceed to “Wind Speed / Anemometer Speed Check.”

Wind Speed / Anemometer Speed Check:

· With cup wheel removed from anemometer shaft, attach coupling disc to shaft.
· Mount clamp and bar fixture to sensor, and gently tighten clamp.

· Attach motor to fixture.

· Carefully align anemometer and motor coupling, and gently tighten motor clamp.

· Connect lead from motor assembly to side of control unit.

· Turn unit on and use ^/v keys to select RPM.

· In a few seconds RPM should be within +/- 1RPM.  If not, carefully align motor to sensor coupling.  This can be done while motor is running.

· Record data logger MPH and actual computed MPH at 200, 400, 700, 1100 and 1400 RPM.

If a sonic sensor is in use at the site, use the following procedure:
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There are three checks for the Sonic WS-WD instrument per the sensor manual:

Block the N-S sonic path and ook for 10 Deg WD output
Block the E-W sonic path and look for 160 Deg WD output

Block all sonic paths and look for 170 Deg WD output

WS output should be 111.85 MPH if any or all paths are blocked

Place a bag over the sensor and look for zero WS ontput. This test can be a
little tricky. The bag must not come within 2 inches of the transducers in
order to prevent sonic reflections off the bag. In addition, if there is any air
movement, the bag may move and therefore create a small air movement
inside the bag. ANY air movement will produce anon-zero WS output

The first two tests verify that the electronics in the sensor are functioning. The third test
crifies that the transducer arms have not been damaged (bent).





Relative Humidity:

· Remove audited sensor probe from deflector shield.

· Power on hygrometer. 

· Press Hold/Scroll when RH displays in lower left corner of screen.

· Position sensor probe and hygrometer probe so probes are close to but not touching. 
· Let audited sensor and hygrometer readings stabilize and record readings in audit sheet.

Temperature:

· Remove audited sensor probe from deflection shield.

· On the digital thermometer, plug the probe into the receptacle located on the right.

· Power on sensor.
· Press (F / (C to display Fahrenheit or Celsius

· Check two points:
· Ambient air

· Ice bath - around 32(F or 0(C

Barometric Pressure:

· Turn on ambient pressure transducer.
· Set instrument to read in mmHg. 

· Record reference instrument and data logger values in audit sheet.

Rain
· Use a syringe to inject one milliliter of water at a time into the rain gauge funnel, noting how many milliliters it takes to make the instrument tip.  Record this number and repeat to check the other chamber.  It also should be noted if the datalogger acknowledges the tip when it occurs.  
In the site datalogger, put the subject channel(s) back in service once the readings have stabilized.
Equipment to take to site for independent audit:
· Laptop computer and USB key
· Thermometer (NIST traceable standard)

· Relative humidity sensor (NIST traceable standard)

· Precision absolute manometer (ambient pressure transducer) (NIST traceable standard)

· Young / Model # 18802 (verifies WS and NIST traceable)
· 360( Vane gauge disc / Model # 044-2 (verifies WD) and compass
· Syringe for injecting water into rain gauge

· Waterproof plastic bags

· Ice and water

· Keys to gate and to shelter at air monitoring station; keys must be borrowed from, or provided by, client in case of independent audit.
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