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1. PURPOSE 
This Standard Operating Procedure (SOP) for the Graseby-Andersen (or GMW or Thermo-
Andersen or Thermo) High-Volume (“Hi-Vol”) PM10 sampler describes the manual (filter-
based) measurement of ambient air concentrations of fine particulates that are 10 microns or 
smaller in diameter (PM10). PM10 samplers are operated at various air monitoring sites located 
in the Bay Area Air Quality Management District (BAAQMD).The PM10 sampler is designated 
by the Environmental Protection Agency (EPA) as a Federal Reference Method (FRM) for the 
measurement of ambient concentrations of fine air particulates pursuant with the requirements 
defined in the Code of Federal Regulations, Title 40, Part 53. 
 
The purpose of this SOP is to describe general procedures and/or supplement the manufacturer’s 
procedures which may have been implemented by the Air Monitoring Section of the BAAQMD 
Technical Services Division.  
 
PM10 filter weighing and analyses procedures’ are not described in this SOP. Please refer to the 
following BAAQMD SOP’s for further information: 

• LAB SOP 301 MASS ANALYSIS OF PM 10 
• LAB SOP 303 ANALYSIS OF PM10 BY ION CHROMATOGRAPHY 
• LAB SOP 307 HANDLING OF PM10 ION DATA 

2. SUMMARY OF METHOD 
The PM10 sampler draws air into a 
specially shaped inlet at 40 cubic-
feet-per-minute (CFM). Flow rate is 
volumetrically controlled by the use 
of a critical venturi and is altitude 
dependent. PM10 particulate matter 
collects on an 8" x 10" matted 
quartz fiber surface. The 
concentration of PM10 particulate 
matter (in micrograms per cubic 
meter) is calculated by weighing the 
collected particulates and dividing 
by the measured volume of air 
sampled. The BAAQMD standard 
PM10 sampling frequency is every 
sixth day for a 24 hour period.  
 
In addition to determination of each 
filter’s mass, District staff complete 

analysis of PM10 samples for levels of various ions, organic carbon and elemental carbon 
content.  
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3. DEFINITIONS 

BAAQMD Bay Area Air Quality Management District 

EPA Environmental Protection Agency 

ETM Elapsed Time Meter 

FRM Federal Reference Method 

CFM Cubic feet per minute 

PM10 Fine particulates that are 10 microns or smaller 
in diameter 

SOP Standard Operating Procedure 

4. HEALTH AND SAFETY WARNINGS 
Installation, operation, maintenance, repair or calibration of the PM10 sampler should only be 
performed by properly trained personnel. All repairs shall be conducted in accordance with this 
SOP and manufacturer’s documents.  
 
To prevent personal injury, please heed these warnings concerning the PM10:  
• Due to typical rooftop installations, the risks of working outdoors at elevation during ambient 

weather conditions should be considered; 
• When operating outdoors, always plug the sampler into a properly grounded and exterior 

rated GFI (Ground Fault Interrupter) outlet; 
• The PM10 sampler must be anchored when installed outdoors to prevent damage or personal 

injury;  
• Disconnect power when servicing or replacing parts; 
• High voltages may be present inside the sampler and timer enclosures. Avoid electrical 

contact with jewelry. Remove rings, watches, bracelets, and necklaces to prevent electrical 
burns.  

5. CAUTIONS 
To prevent damage to the PM10 sample filters or the sampler, the following precautions should 
be taken: 
• The matted quartz fiber filter is very delicate and can be easily torn or gouged.  Handle 

carefully by the edges. Keep a protective cover on the filter cassette holder while installing or 
removing. Damaged filters will be invalidated. 

• Keep the interior of the sampler clean. 
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6. INTERFERENCES AND LIMITATIONS 
To avoid contamination of PM10 samples the following precautions should be taken: 
• EPA and District requirements for particulate filter conditioning, handling, transport, 

removal, and storage must be followed; 
• Chain-of-custody forms must accompany each filter. These must be filled out with the 

appropriate information and must be returned to the lab with each filter; 
• Filters are supplied to the operator ready to use in individual filter envelopes; Keep the filters 

in a secure, dry, contamination-free area. Avoid exposure of filters to any possible 
contamination. Do not drop filters as damage to the filter surface may result;  

• Since fingerprints increase the mass of the quartz filters and also contaminate them, gloves 
should be worn when handling quartz filters. 

• Exposed filters are removed from the inside the sampler upon the completion of a 24-hour 
sampling period. Remove the entire cassette and place a protective cover on top. The cover 
must be secured during storage and transport; do not touch exposed filter surfaces. Avoid 
exposure of filters to any possible additional contamination.  Do not drop or jar the filters as 
possible cross-contamination and/or damage may result; 

• Place the exposed PM10 filter into a freezer upon removal; 
• The size selective head assembly, shim and surfaces surrounding the filter cassette must be 

cleaned regularly.  

7. PERSONNEL QUALIFICATIONS AND RESPONSIBILITIES 
Installation, operation, maintenance, repair or calibration of the sampler should only be 
performed by properly trained personnel. Personnel should meet all BAAQMD requirements and 
qualifications for an Air Quality Instrument Specialist I or II, Senior Air Quality Instrument 
Specialist, and/or Supervising Air Quality Instrument Specialist. Air Quality Technical 
Assistant’s may assist with filter loading/unloading and filter transport. 

8. EQUIPMENT AND SUPPLIES 
Each PM10 sampler is supplied and operated with the following equipment: 
• PM10 sampler including blower motor assembly and critical venturi (‘throat’) (installed onto 

a suitable support base) 
• Elapsed time meter (ETM) 
• 6-Day timer 
• Magnehelic, 0-30 inches H2O and tubing (attaches to port on the side throat of the PM10) 
• Pre-weighed PM10 filters. (Each filter is supplied with a BAAQMD PM10 24 Hour Sample 

Report (see Appendix A for an example), manila folder, clear protective envelope, white 
District envelope, and a plastic zip-lock bag) 

• Filter cassette holder and protective windscreen with a run data sheet attached (see Appendix 
B for an example) 

• Copy of the current BAAQMD 6-day schedule (see Appendix C for an example) 
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• Freezer to store exposed filters 
• Optional: Omega OM-EL-USB-1 temperature data-logger with Omega software loaded onto 

computer (for locations where no 24-hour average temperature data is readily available (See 
Appendix D for further information); 

• Station PC with PM10 flow calculation lookup table (EXCEL file spreadsheet created from 
each specific PM10 sampler’s flow venturi look-up table data, provided by the manufacturer-
See Appendix E for an example); NOTE: Section’s 9.6.2 and Section 9.6.3 of this SOP 
provide further information 

 
For routine monthly/quarterly maintenance, the following supplies are required: 
• Silicon grease release spray ( Dow Corning 316 or equivalent) for the PM10 shim 
• Kim wipe towels 
• Bottle brushes 
• Paint brush  
• PM10 logbook  
 
For quarterly verification/calibration of the PM10 and magnehelic, the following equipment is 
required: 
• Certified High Volume variable orifice with a digital Dwyer manometer, 0-10 inches H2O 
• digital Dwyer manometer, 0-40 inches H2O 
• tubing and ‘T’ 
• PM10 filter loaded into a filter cassette holder (for calibration use only) 
• NIST traceable, certified temperature standard (TEGAM) 
• NIST traceable, certified pressure standard (DRUCK) 
• PM10 calibration worksheet, found on the District server at: PM10 QC with Mag check.xls 
• PM10 logbook  

9. PROCEDURES 

9.1 PM10 CALIBRATION  
The verification/calibration of the PM10 and magnehelic must be performed upon installation 
and quarterly thereafter: 
1. Print out copy of the PM10 /verification calibration worksheet; “PM10 QC with Mag 

check.xls” 
2. Install a clean filter into a filter cassette holder (Do not use a pre-weighed run filter!); 
3. Open the PM10 sampler’s hinged top; Place the filter cassette holder over the 8" x 10" mount 

and remove the windscreen.  Attach the cassette with the provided four swing bolts and nuts.  
WARNING! Do not over tighten or it may result in deformation of the faceplate gasket.   

4. Turn on the PM10 motor; Check the filter cassette holder for any leaks; Re-tighten the thumb 
screws if necessary;  

5. Allow the sampler to warm up for 5 minutes; 
6. After 5 minutes take a reading of the current sampler magnehelic value and write this onto 

the worksheet.  
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7. Turn off the sampler; Remove the filter cassette holder and filter;  
8. Set up the variable orifice and its 0 – 10 “ Dwyer manometer; Remove the line going to the 

sampler’s magnehelic; Connect the 0 – 40” Dwyer manometer with a ‘T’ connection to the 
sampler magnehelic. Turn on both digital Dwyer manometers; Allow to acclimate; Check 
and adjust the zero (adjust knob on top) 

9. Set up the DRUCK (ambient pressure, mmHg) and TEGAM (ambient temperature, oC) 
standards. Avoid the PM10 blower exhaust and direct sunlight if possible; 

10. Turn on the PM10 motor and check for leaks; 
11. Rotate the variable orifice until the sampler indicated magnehelic value is equal to the filter 

indicated magnehelic value from Step 6. After allowing adequate time for it to settle in, 
record 3 successive variable orifice Dwyer readings onto the worksheet; Record the 0 – 40” 
Dwyer reading;  Record the current ambient temperature and pressure onto the worksheet.  

12. Rotate the variable orifice so that the sampler magnehelic indicated value is equal to each set 
point (16.0, 18.0, 20.0, 22.0, and 24.0) on the worksheet. After allowing adequate time for it 
to settle in, record 3 successive variable orifice Dwyer readings onto the worksheet; Record 
the 0 – 40” Dwyer reading;  Record the current ambient temperature and pressure onto the 
worksheet.  

13. When completed, turn off the sampler and remove the variable orifice.  
14. Calculate the average temperature and pressure values and write it onto the worksheet. 
15. Enter data from the worksheet onto page 2 of the EXCEL spreadsheet (DATA FORM-BLUE 

Values need to be entered).  Save a copy onto the station computer, i.e. 3005_05.07.07.xls. 
16. This is an interactive spreadsheet. On the 3rd page of the EXCEL spreadsheet the operator 

can enter the observed average sampler Magnehelic readings from a run to obtain the 
sampler’s TRUE flow, Qa, as it is referenced back to the transfer standard.  

17. If the samplers Magnehelic indicated, in H2O, disagrees with the 0 – 40” Dwyer Electronic 
Manometer by more than 1” for ANY point, locate and correct the problem; REPEAT the 
procedure; Save both the AS IS and the FINAL verification/calibrations and record the 
results into the PM10 logbook. 

18. If the samplers design flow and/or % Di are found to be greater than 7%, find and correct the 
problem; REPEAT the procedure; Save both the AS IS and the FINAL 
verification/calibrations and record the results into the PM10 logbook. 

9.2 SAMPLE COLLECTION 
This section describes the pre and post run procedures for the PM10 sampler. BAAQMD PM10 
samplers are run on a six-day sampling schedule as specified by the Environmental Protection 
Agency (EPA). For certain projects, the frequency may be increased to daily sampling. The 
sampling duration is 24 hours, 0001 to 2359 hours PST.  

9.2.1 Pre-Run Procedure 
1. Each pre-weighed quartz filter sent from the District laboratory is provided with a BAAQMD 

PM10 24 Hour Air Sample Report form (see Appendix A); Prior to a run, remove the Sample 
Report form from it’s zip-lock bag and record the appropriate ‘AIRS SITE CODE’, 
‘PROJECT NUMBER’, ‘INSTRUMENT NUMBER’ and the ‘DATE OF LAST 
CALIBRATION’ onto the form; Fill in the start date and initial elapsed time meter readings 
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in the appropriate spaces; Complete the SAMPLE LOAD, DATE, TIME and NAME 
sections. 

2. Carefully remove the pre-weighed filter from the manila 
envelope. Place the pre-weighed filter, numbered side of 
the filter facing down, on the stainless steel screen of the 
cassette and secure in place by the hold-down frame; Care 
should be taken to install the filter evenly on the frame. 
Place the windscreen cover (with a run data sheet attached) 
on the cassette holder; 

3. OPTIONAL: Set up an Omega OM-EL-USB-1 
temperature data logger; (See Appendix D for more 
information); 

4. Transport the loaded cassette (OPTIONAL: and an 
Omega USB Temperature logger) to the sampler; 

5. Open the PM10 sampler’s hinged top; Install the filter 
cassette holder over the 8" x 10" mount and remove the 
windscreen.  Attach the cassette with four swing bolts 
and nuts; WARNING! Do not over tighten or it may 
result in deformation of the faceplate gasket;  

6. OPTIONAL: Install a Omega OM-EL-USB-1 
temperature data-logger into a suitable location in the 
sampler head; 

7. Manually turn on the sampler motor and allow it to run 
for 2 minutes. Check the filter cassette holder for any 
leaks; Re-tighten the 4 thumb screws if necessary; 

8. Record the initial differential pressure reading from the sampler’s magnehelic onto the run 
data sheet in the box marked ‘Pd (I)’ (see Appendix A); 
Turn off the sampler;  

9. Check and reset the elapsed time meter to zero (if 
applicable); 

10. Close the PM10 hinged top and latch it down; 
11. Set the timer clock to start at the pre- determined start 

time on the designated date, and to shut off 24 hours as 
follows: 

a. Dayton or Paragon Seven Day Timer - There 
are two separate trippers on the dial rim--they 
are not interchangeable. Place Tripper A at 
the desired time the sampler should turn on. 
Place Tripper B at the desired time the 
sampler should turn off. Trippers must be 
tight against the dial rim. Tighten tripper 
screws with fingers only. Grip dial and rotate 
CLOCKWISE ONLY until current day and time of day appear at the time pointer 
(do not turn the time pointer). The tripper must be adjusted to give a sample time 
of 24 hours +15 minutes. 
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b. General Metal Works Timer/Programmer (GMW-800) - Sixth Day Sampling: 
Place all seven day switches in the DOWN position. Reset the indicator light to 
the fifth from the left position (Thursday) by sequentially pressing the DAY 
RESET switch. Place the sixth DAY SAMPLE switch and the sixth from the left 
day switch (Friday) in the UP position. Set the toggle switch between clocks "A" 
and "B" to the left hand position. The sampling period is now set from midnight 
of the current day to midnight the following day, and every six days thereafter; 
NOTE: When in the sixth day sampling mode, disregard days of the week 
nomenclature; the days of the week should be regarded as numbered positions 
only, and do not identify the actual day. For 24-hour, or episode sampling, refer to 
the instructions in the Manufacturer's Operating Manual; 

c. 24-Hour sampling (alternate procedure to b): With all seven-day switches and the 
sixth DAY SAMPLE switch in the DOWN position, reset the indicator light to 
the present day by sequentially pressing the DAY RESET switch. Set the toggle 
switch between clocks “A" and "B" to the left hand position. The desired 
sampling day switch is placed in the UPWARD position. The sampling period is 
now set to be from midnight to midnight, on the sample day selected.   

d. Tisch: TE5006  6-Day mechanical Timer 
i. Setting the current time: 

1. Turn dial clockwise direction until the current time (PST) aligns on 
a line from the Day Indicator dial center to the clock dial center 

ii. Setting the Operator Mode: 
1. The ‘Man’ position turns the motor on and off and is used for 

testing and calibration; 
2. The “Auto” position turns the motor on and off according to how 

the Clock Dial and Day Indicator dial are set. 
3. The “RAIN” position stops all sampling 

iii. Setting the Clock Dial and Day Indicator for 6-Day Sampling Events; this 
is a two-step process that involves setting pegs in both the Clock Dial and 
Day Indicator. The Day Indicator advances once for every peg it 
encounters in the Clock Dial. There are 12 positions for pegs on the Day 
Indicator. When a peg is located in the position pointed to by the arrow, 
the motor will turn on. The Clock Dial has a peg foe every 15 minutes of 
the day. To set the timer: 

1. Set a single long peg on the Clock Dial located at the 12 o’clock 
position; 

2. Set a short peg on the Day Indicator wheel in every 6th position  
3. Rotate the Day Indicator wheel COUNTER-CLOCKWISE to the 

desired position; 
4. Set the switch to “Auto”. 

9.2.2 Post-Run Procedure 
1. Open the PM10 sampler front door. Record the final elapsed time meter reading onto the 

PM10 run data sheet in the space provided for ‘ETM’ (see Appendix B); 
2. Open the PM10 sampler’s hinged top;  
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3. OPTIONAL: Remove the Omega OM-EL-USB-1 temperature data-logger from its location 
in the sampler head; 

4. Start the sampler; allow the motor to warm up for approximately 2 minutes. Read the 
Magnehelic mounted on the sampler. Record the Magnehelic reading onto the PM10 data run 
sheet in the appropriate box under ‘Pd (F)’ (see Appendix B); Stop the sampler;  

5. Carefully place the windscreen cover over the filter cassette holder for transport back inside 
the station; Remove the filter cassette holder by loosening the four thumb screws; Close  the 
PM10 sampler’s front door; Close the PM10 sampler’s hinged top;  

6. OPTIONAL: The operator may elect to load a new filter at this time following the 
procedures in this document; 

7. Return to station; carefully set the filter cassette holder down in a secure location; do not 
remove the filter at this time;   

8. Log on to station computer; 
9. OPTIONAL: Download temperature data from the Omega OM-EL-USB-1 temperature 

data-logger. See Appendix D: OM-EL-USB-1 Temperature Data logger Overview, for 
instructions; 

10. Open up the station’s PM10 lookup table loaded as an EXCEL file;  
11. Enter the appropriate data into the EXCEL spreadsheet. (See Appendix D: Example of an 

EXCEL PM10 Lookup Table) This includes: the run date; elapsed time (ETM), from the 
PM10 run data sheet;  Pd(I), the initial pressure drop reading from the PM10 run data sheet; 
and Pd(F) the final pressure drop reading from the PM10 run data sheet;  

12. Enter the average temperature either from the OM-EL-USB-1 Temperature Data logger or 
other 24-hour average temperature data available at the station; This information can be 
obtained from the following list in preferential descending order: 

a. the outside ambient temperature sensor for the FRM PM2.5 sampler on site,  
b. any BAAQMD site or airport within 25 miles and 500 feet in elevation,  
c. the average temperature for the run period as collected in your area from the National 

Weather Service, or  
d. a seasonal average daily temperature for the sampling site.  

13. Enter the average pressure (in mmHg) if this information is available at the station;  
14. The EXCEL PM10 Lookup Table calculates the final information needed for completion of 

the BAAQMD PM10 24 Hour Sample Report: AVERAGE STD FLOW (SCFM), 
AVERAGE IND. FLOW RATE, and ACTUAL FLOW RATE; 

15. Transfer all required run information to the BAAQMD PM10 24 Hour Sample Report (see 
Appendix A); This includes Pd (I), Pd (F), Ta (oC), Pa (mmHg), AVERAGE STD FLOW 
(SCFM), AVERAGE IND. FLOW RATE, and ACTUAL FLOW RATE. Enter the FINISH 
date and time and the elapsed time meter information;  

16. Enter any unusual sampling conditions - Enter the one most appropriate letter code which 
best represents the description of the local sampling conditions during the run in this box. A 
description of local condition codes is located in the section to the right of the Sampling 
Conditions box. If a sampling condition exists other than those described from letters A 
through H (such as snow, sleet, etc.), enter the code Z and explain the sampling condition in 
the remarks section below. The condition code F should only be used if the run is to be 
invalidated due to the malfunction of the instrument. 
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17. Check only one of the two boxes below the heading “To Be Completed By PM10 Sampler 
Operators”. 

a. Check the top box only if the sample meets the quality control standards for 
sampling. (See SECTION 11.1: PM10 Sample Validation Criteria) 

b. Check the bottom box only if sample is invalid because the samples run does not 
meet quality control standards. Note if the filter is torn or ruptured, if pieces of filter 
are left sticking to the gasket, if the start or finish times are not known, or if the flows 
are outside the acceptable range.  Fill in the space provided for the make up schedule 
date. Check one or more reasons for the invalidation in the places available. If the 
reason for invalidation is not listed, check the slot marked “other” and state the reason 
for the invalidation on the line following. 

c. Operator name. - Enter the operator's name or employee number in the spaces 
provided. 

18. The filter cassette should be unloaded inside the station to avoid contamination and damage 
to the filter. Remove the metal windscreen cover. Carefully remove the filter from the 
cassette after removing the knurled brass nuts and hold-down frame. If there are insects on 
the filter, remove them carefully with tweezers. Grasp the exposed filter without touching the 
darkened area and fold it in half (width-wise or length-wise), with the exposed, darkened side 
in. Place inside the clear protective envelope, then inside the manila folder. Place the manila 
folder inside the white envelope; 

19. Complete the ‘Sample Removal’, ‘Sample placed into cooler’, ‘DATE’, ‘TIME’ and 
‘NAME’ sections on the BAAQMD PM10 24 Hour Sample Report;  

20. Place the white envelope inside the large clear zip lock bag with the BAAQMD PM10 24 
Hour Sample Report placed inside so that it is readily visible; 

21. Place inside a freezer. 

9.3 SAMPLE HANDLING AND PRESERVATION 
The filter cassette should be loaded and unloaded inside the station to avoid contamination and 
damage to the filter.  
 
Place the exposed filter inside a freezer. District staff will routinely transport filters to the lab for 
final weighing, validation, and analysis. The exposed sample filter should reach the laboratory no 
more than 29 days after the sample date.  

9.4 SAMPLE PREPARATION AND ANALYSIS 
For PM10 filter preparation and analysis procedures please see the following BAAQMD LAB 
SOPs’: 

• LAB SOP 301 MASS ANALYSIS OF PM 10 
• LAB SOP 303 ANALYSIS OF PM10 BY ION CHROMATOGRAPHY 
• Lab SOP 307 HANDLING OF PM10 ION DATA 
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9.5 SERVICING 
Perform the following service and maintenance checks according to the following schedule. 
Checks may be performed more frequently but should be performed at least at the prescribed 
intervals: 
 
ITEM FREQUENCY ACCEPTANCE 

CRITERIA 
ACTION 

Inspect faceplate gasket Each sample N/A  
Adjust Timer Each sample +/- 15 minutes adjust if needed 
Inspect Elapsed Time 
Meter (ETM) 

Each sample  Check against a known good 
ETM; replace if needed 

Clean PM10 shim and 
re-grease 

Monthly   

Clean interior of 
sampler head 

Quarterly  Open top section; clean with 
brushes and paper towels; 
clean bug screen 

Perform flow 
verification 

Quarterly < +/- 7 % of 
standard, < +/- 7% 
of design 

 

Perform magnehelic 
verification and 
inspection of 
magnehelic tubing 

Quarterly +/- 1 in H2O Inspect all tubing and ports; 
Check against a known good 
magnehelic; replace if needed 

Inspect wiring Quarterly  Replace if needed 
 
EACH SAMPLE: 
o Faceplate Gasket: At the end of each run, inspect the faceplate gasket to see if it has lost 

resilience and become deformed or flattened. The resulting air leakage shows as an irregular 
edge of particulate deposit on the filter; when the condition is noticed, replace the gasket. 

o Timer: Check upon installation and before each run against a time standard (i.e. Cell phone). 
If not within +15 minutes, adjust. 

o Elapsed Time Meter: The ETM’s tend to stick after several years; Check against a known 
good ETM; Replace if needed 

 
MONTHLY: 
o Remove the shim, clean and re-grease: 

1. Release the four hook catches on the side of the inlet and raise the upper half of the inlet; 
2. Carefully remove the greased shim and clean on a flat surface using a clean cloth or Kim 

wipe. If necessary, use a small vacuum cleaner to remove dirt.  Isopropyl alcohol or 
acetone may be used to aid in cleaning; 

3. After the shim is clean and dry, generously coat the shim evenly with Dow Silicone #316, 
holding the spray can containing the silicone mixture 8 to 10 inches from the surface of 
the shim; 

4. Reassemble 

EVERY QUARTER: 



 

AirMon SOP 201 PM10.doc Page 14 of 27 
Revision 201.2.00 
 

       
o Disassemble and clean the entire PM10 upper head assembly: 

1. Remove the top hood and clean; 
2. Clean the top hood nozzles with a bottle brush; wipe the interior surface clean with a 

damp cloth; 
3. Reassemble the top hood; 
4. Release the four hook catches on the side of the inlet and raise the upper half of the inlet; 
5. Carefully remove the shim and vent tube plate; clean the tubes with a bottle brush; clean 

the shim on a flat surface using a clean cloth or Kim wipe. Isopropyl alcohol or acetone 
may be used to aid in cleaning; 

6. After the shim is clean and dry, generously coat the shim evenly with Dow Silicone #316, 
holding the spray can containing the silicone mixture 8 to 10 inches from the surface of 
the shim;  

7. Remove the bug screen and wipe with a clean rag. Inspect to make sure no lint remains 
on the screen; 

8. Wipe the interior of the inlet with a clean cloth; 
9. Reassemble the top section of the inlet, making sure that the greased shim is held down 

by the two shim clips; 
10. If necessary, adjust the four hook catches to slightly and evenly compress the sealing 

gasket when the inlet is closed; 
11. Wipe the external surfaces with a clean rag or Kim wipe; 
12. Document the cleaning date in the PM10 Sampler Logbook 

 
o Complete a flow and Magnehelic verification/calibration check at 3 month intervals or after 

any motor maintenance is done such as repair or replacement of motor or flow rate 
measuring device (magnehelic); 

o Magnehelic Tubing: Inspect the tubing and for kinks, deterioration, or cracks.  Replace 
tubing or hose if necessary.  

o Motor Wiring: Inspect motor for proper grounding, missing wire insulation, burnt or frayed 
wires, etc. Clean dust from motor. If motor is inoperative troubleshoot the system (motor, 
line voltage) and correct as required. 

o Check power cords for deterioration and replace if necessary. 

9.6 DATA ACQUISITION, CALCULATIONS, AND DATA REDUCTION 
REQUIREMENTS 
PM10 flow data can be calculated either manually from a PM10 sampler specific flow look-up 
table or from an EXCEL look-up table (preferred method).  
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The sampler specific table is generated following EPA requirements by the manufacturer and 
must match the S/N found on the throat of the PM10 volumetric flow control section.  The use of 
a look-up table is explained in section 9.6.1 of this SOP. 
 
It is recommended that all BAAQMD run data is calculated by use of a PM10 sampler specific 
EXCEL look-up table. The EXCEL look-up table must match the S/N found on the throat of the 
PM10 volumetric flow control section. This table is generated following section 9.6.2 of this 
SOP. The use of an EXCEL look-up table is explained in section 9.6.3 of this SOP. Maintain a 
current copy of all station PM10 run data by saving the EXCEL look-up table after each run. 
 
The following information is required for the flow calculation after the completion of a 24-hour 
sample period: 
• sampler magnehelic initial indicated ‘Pd(I)’ 
• sampler magnehelic final indicated ‘Pd(F)’ 
• Ta = 24 hour average temperature, ‘C 
• Pa = 24 hour average pressure, mmHg 
• Elapsed time meter start and final, minutes 

9.6.1 USE OF A PM10 LOOKUP TABLE: 
The use of a PM10 sampler specific flow look-up table for the determination of flow is as 
follows: 
1. Determine the average ambient Temperature,  Ta, oC (or oF),  and the ambient pressure, Pa, 

mmHg; Convert oC to oF  by the equation:  
oF = [(oC * 9/5)] +32 

2. Calculate the average differential pressure drop across the filter: 
 

PdAVG = Pd (F) + Pd (I) 
                2 

3. Calculate the pressure ratio Po/Pa: 
Po/Pa = 1 – (PdAVG/Pa) 

NOTE: PdAVG and Pa must have the same units 
 

4. Lookup the actual flow rate, Qa, from the table Po/Pa versus Temperature; NOTE: Use the 
table that reads in units of ft3/min;  

5. Enter the values for Ta, oC, Pa, mmHg, Pd (I), and Pd (F), onto the Field Data Sheet; 
6. Enter the value, Qa, onto the Field Data Sheet, ACTUAL FLOW RATE; 
7. Calculate Qstd: 

Qstd = Qa (Pa/760 mmHg) (298K/273 + Ta, oC) 
 

8. Enter the value, Qstd, onto the Field Data Sheet, AVERAGE STD FLOW (SCFM) 
9. Enter the value, average differential pressure drop across the filter, PdAVG, onto the Field 

Data Sheet, AVERAGE IND. FLOW RATE 
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9.6.2 EXCEL PM10 LOOKUP TABLE SETUP: 
Each PM10 sampler is supplied with a PM10 lookup table provided by the manufacturer. The 
station operator may elect to set up a look-up table in EXCEL. 
1. Ensure that the lookup table S/N matches the PM10 S/N found on the volumetric flow 

control throat; 
2. Open the EXCEL worksheet entitled, ‘PM10_Lookup.xls’. This can be found on the Tech 

drive at:  I:\FORMS 
3. Open the sheet entitled, ‘REGRESSION’; Enter the Station number and S/N of the PM10 

lookup table (blue values); 
4. Open to the page of the lookup table that displays the 48 to 96 oF (page 7 of 8) range and 

units in ft3/min; 
5. Find the value at 76 oF for Po/Pa = 0.930; Enter this value into the appropriate space in the 

EXCEL worksheet (highlighted yellow below): 
 

ENTER VALUES IN BLUE:   
Lookup table temps are = 76 'F  
Station: 8004 S/N:  #P05174  

PO/PA 
QA 
(CFM) M B R2 

0.930 38.86 0.02258 0.052522 1.000 
0.931 38.90 44.28600 -2.32598  
0.932 38.95 44.286 -2.326  
0.933 38.99    
0.934 39.04    
0.935 39.08    
0.936 39.13    
0.937 39.17    
0.938 39.21    
0.939 39.26    
0.940 39.30    
" "    

0.979 41.03    
 

6. Enter the next value below until all values up to Po/Pa = 0.979 at 76 oF  are entered; The 
worksheet automatically calculates the Slope, M and Intercept, B; 

7. Find the value, ft3/min, in the lookup table for Po/Pa = 0.930 at 48 oF: (i.e., 38.08): A 
=______ 

8. Find the value, ft3/min, in the lookup table for Po/Pa = 0.930 at 96 oF: (i.e., 39.64): B = 
______ 

9. Calculate the difference: B – A = Z1 = ________ 
10. Find the value, ft3/min, in the lookup table for Po/Pa = 0.950 at 48 oF: (i.e., 40.54): A 

=______ 
11. Find the value, ft3/min, in the lookup table for Po/Pa = 0.950 at 96 oF: (i.e., 38.94): B 

=______ 
12. Calculate the difference: B – A = Z2 = ________ 
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13. Find the value, ft3/min, in the lookup table for Po/Pa = 0.979 at 48 oF: (i.e., 40.19): A = 
______ 

14. Find the value, ft3/min, in the lookup table for Po/Pa = 0.979 at 96 oF: (i.e., 41.84): B 
=______ 

15. Calculate the difference: B – A = Z3 = ________ 
16. Calculate the average differences’: ZAVG = ((Z1 + Z2 + Z3)/3) = ________ 
17. Calculate:  ZAVG/48 = (i.e., 0.33333)_____________; 
18. Open the spreadsheet worksheet, ‘EQUATION’. Click on cell J8, The equation will be 

displayed at the top, =(I8*REGRESSION!$C$7)+REGRESSION!$D$7+((F8-
25)*0.033333); 

19. Change the last value (highlighted green above) to the value from the calculation, Step 17 
(above) followed by ENTER; this will save the equation.  

20. Save the lookup table, i.e. 8004 PM10_ 2009; Send a copy to the Supervising AQIS 

9.6.3 USE OF AN EXCEL PM10 LOOKUP TABLE: 
1. Open up the sampler specific EXCEL PM10 lookup table; 
 

DATE ETM Pd(I) Pd(F) 
Pd 
AVG 

AVG. 
Co 

AVG. 
Fo Pa Po/Pa QA QSTD 

1-Jan-08 1441.1 22.0 20.0 21.0 24.5 76 760 0.948 39.66 39.72 
 
2. Enter the following values (blue) into the samplers’ EXCEL look-up table: 

a. Date 
b. ETM = total minutes 
c. Pd (I), magnehelic initial, inH2O 
d. Pd (F), magnehelic final, inH2O 
e. AVG, Co 
f. Pa, mmHg 

3. The EXCEL lookup table automatically calculates PdAVG, Po/Pa, QA and QSTD: 
a. Calculates the average differential pressure drop across the filter: 

 
PdAVG = Pd (F) + Pd (I) 

                2 
b. Calculates the pressure ratio Po/Pa: 

Po/Pa = 1 – (PdAVG/Pa) 
NOTE: PdAVG and Pa must have the same units 

 
c. Calculates QA (ACTUAL FLOW RATE): 
 

QA = [(Po/Pa * m) + b] + ((Ta oC-25 oC)*F) 
Where: 

m = slope  
b = intercept 

F = temperature correction factor 
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d. Calculates QSTD (AVERAGE STD FLOW (SCFM)): 
 

QSTD = QA (Pa/760 mmHg) (298K/273 + Ta, oC) 
 

4. Transfer the appropriate final run values onto the PM10 24 Hour Sample Report; 
5. Save the EXCEL lookup table upon exiting;  Maintain a copy of all valid completed runs on 

the station computer 

9.7 COMPUTER HARDWARE AND SOFTWARE 
The following software is used for routine operation of the PM10: 
• The station operator may elect to set up and use an EXCEL spreadsheet in order to enter and 

manage PM10 run data;  
• If a PM10 sampler is replaced, the station operator should verify that a new Excel 

spreadsheet look-up table is provided which was created using the manufacturer’s original 
look-up table data based on the PM10 sampler and venturi serial number; 

• Copies of all QC quarterly flow checks should be maintained by the station operator and 
forwarded to the supervising AQIS and/or placed on the District server. 

10. DATA AND RECORDS MANAGEMENT 
The following records shall be maintained for each PM10: 
• The station operator may elect to set up and use an EXCEL spreadsheet to enter and manage 

PM10 run data; 
• Run data values for each filter are transferred to each filter’s BAAQMD 24-Hour Sample 

Report form. BAAQMD 24-Hour Sample Report forms accompany each sample from the lab 
to the operator and back to the lab; MISSING FORM INVALIDATES A SAMPLE! 

• District staff will manage all reviewed data. Data will be forwarded to the EPA on a regular 
basis; 

• Each sampler is provided with a Logbook. All maintenance and verification actions are to be 
recorded in the Logbook upon completion; 

• Copies of all QC quarterly flow checks should be maintained by the station operator and 
forwarded to the supervising AQIS on a quarterly basis and/or placed on the District server. 

11. QUALITY CONTROL AND QUALITY ASSURANCE 
All District PM10 sampling must follow all federal quality control and assurance requirements 
found in the Code of Federal Regulations, Title 40, Part 50, and Part 58, Appendix A. 

11.1 QUALITY CONTROL 
Quality Control procedures include the completion of any required calibrations, monthly 
verifications, and any required maintenance.  
 
The BAAQMD acceptance criteria for PM10 valid sample are as follows*: 
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ITEM FREQUENCY ACCEPTANCE CRITERIA 
Filter holding: 
Pre-sampling 
Post-sampling (in sampler) 
Post-sampling (transport and 
storage) 

All filters  
< 30 days from weighing 
<177 hours from end of sampling 
<30 days at 25 oC or <30 days at 4oC from 
end of sampling 

Sample Duration All Filters 24 hours +/- 1 Hour 
Sample Start All Filters 00:00 (midnight) PST +/- 30 minutes 
Flow verification Quarterly < +/- 7 % of standard, < +/- 7% of design 
PM10 Magnehelic verification Quarterly +/- 1 “ H2O from standard 
*Any missed or invalidated runs due to operator or sampler error require the completion of a 
makeup run after troubleshooting and repair, followed by recalibration and/or re-verification of 
the sampler’s operation.  
 
The BAAQMD acceptance criteria for each PM10 filter are as follows. All filters collected in the 
field are to be checked using these criteria.  If a sample does not meet these criteria, the sample is 
INVALID*:  
• Filters that are dropped or become contaminated by any foreign matter (i.e., dirt, fingerprints, 

ink, liquids, etc.) that will affect the mass analysis or any ionic analysis of the filter are 
INVALID. 

• Filters with tears or pinholes, which occur before or during sampling, are INVALID. 

• Filters missing any part of the exposed area are INVALID.  Filters missing unexposed pieces 
of corners or edges are INVALID, unless the pieces are included in the returned sample 
package. 

• If the filter shows signs of air leakage due to a worn or improperly seated gasket, the sample 
is INVALID. Gasket leakage is usually discernable as a dark streak along the edge of the 
filter, between the exposed area and the edge of the filter. 

• If a power failure during a sample run causes the stop time or sample run duration 
requirements to be violated, the sample is INVALID.  Short-term power outages, however, 
do not make a sample invalid unless the total time “out” exceeds 1.0 hour. 

• If the average actual flow rate through the sampler is outside the accepted range for the site 
(40.0 ± 4.0 CFM, adjusted for altitude if the sampling site is more than 1,000 feet above sea-
level), the sample is INVALID.  

• The filter is considered INVALID if a completed 24-Hour Air Sample Report Form is not 
included with the sample.  

• A PM10 sample is INVALID if not received within 29 days after sampling date.  Mass loss is 
shown to be significant after 30 days. 

11.2 QUALITY ASSURANCE 
Performance and system audits of the PM10 will be conducted following all federal requirements 
located in 40 CFR Parts 50, 53 and 58 and the EPA Quality Assurance Handbook, Volume II.  
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Performance audits will be conducted quarterly by District staff. CARB personnel may audit 
specific samplers on an annual rotational basis. 
 
System audits may be periodically conducted by District, CARB and/or EPA staff. 
 
Please refer to the BAAQMD QA SOP 708, PM10 WITH VARIABLE ORIFICE AUDIT for further 
information. 

12. AUTHORS 
Original Author: George Stuckert, 4/1/2006 
Revised By: Stan Yamaichi, 07/07/2008 
Revised by Christopher Rumm, 10/20/2009 

13. REFERENCES 
• BAAQMD QA SOP 708, PM10 WITH VARIABLE ORIFICE AUDIT 
• Code of Federal Regulations, Title 40, Parts 50, 53 and 58 
• Flow Look-Up Table High Volume PM10 Sampler; Thermo Electron Corp;  
• Instruction Manual HVPM10; Thermo Electron Corp.; 
• Tisch Usage Instructions for TE-5006 6-Day Mechanical Timer; Tisch Environmental, Inc. 
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APPENDIX A: EXAMPLE OF A BAAQMD 24-HOUR SAMPLE REPORT 
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APPENDIX B: EXAMPLE OF A PM10 DATA RUN SHEET 
STATION:       

SAMPLE 
DATE 

Pd 
(I) 

Pd 
(F) ETM  

SAMPLE 
DATE 

Pd 
(I) Pd (F) ETM 

1-Jan        30-Jul       
7-Jan        5-Aug       
13-Jan        11-Aug       
19-Jan        17-Aug       
25-Jan        23-Aug       
31-Jan        29-Aug       
6-Feb        4-Sep       
12-Feb        10-Sep       
18-Feb        16-Sep       
24-Feb        22-Sep       
2-Mar        28-Sep       
8-Mar        4-Oct       
14-Mar        10-Oct       
20-Mar        16-Oct       
26-Mar        22-Oct       
1-Apr        28-Oct       
7-Apr        3-Nov       
13-Apr        9-Nov       
19-Apr        15-Nov       
25-Apr        21-Nov       
1-May        27-Nov       
7-May        3-Dec       
13-May        9-Dec       
19-May        15-Dec       
25-May        21-Dec       
31-May        27-Dec       
6-Jun            
12-Jun        MAKE-UP RUNS 

18-Jun        DATE 
Pd 
(I) Pd (F) ETM 

24-Jun                
30-Jun                
6-Jul                
12-Jul                
18-Jul                
24-Jul                

         
CLEAN/GREASE SHIM  CLEAN PM10 HEAD  

JAN  JULY    1ST QTR    
FEB   AUG    2ND QTR      
MAR   SEP    3RD QTR      
APR   OCT    4TH QTR      
MAY   NOV        
JUN   DEC        
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APPENDIX C: EXAMPLE OF A BAAQMD PM10 6-DAY SCHEDULE 
2009 SAMPLING SCHEDULE 

PM10 Filters; (Every 6th day) – All dark green and light green dates 
 

JANUARY   FEBRUARY MARCH 
                       
S M T W T F S  S M T W T F S  S M T W T F S

    1 2 3  1 2 3 4 5 6 7  1 2 3 4 5 6 7
4 5 6 7 8 9 10  8 9 10 11 12 13 14  8 9 10 11 12 13 14

11 12 13 14 15 16 17  15 16 17 18 19 20 21  15 16 17 18 19 20 21
18 19 20 21 22 23 24  22 23 24 25 26 27 28  22 23 24 25 26 27 28
25 26 27 28 29 30 31    29 30 31 
                       

APRIL   MAY JUNE 
                       
S M T W T F S  S M T W T F S  S M T W T F S

   1 2 3 4   1 2  1 2 3 4 5 6
5 6 7 8 9 10 11  3 4 5 6 7 8 9  7 8 9 10 11 12 13

12 13 14 15 16 17 18  10 11 12 13 14 15 16  14 15 16 17 18 19 20
19 20 21 22 23 24 25  17 18 19 20 21 22 23  21 22 23 24 25 26 27
26 27 28 29 30    24 25 26 27 28 29 30  28 29 30 
        31               
                       

JULY   AUGUST SEPTEMBER 
                       
S M T W T F S  S M T W T F S  S M T W T F S

   1 2 3 4   1   1 2 3 4 5
5 6 7 8 9 10 11  2 3 4 5 6 7 8  6 7 8 9 10 11 12

12 13 14 15 16 17 18  9 10 11 12 13 14 15  13 14 15 16 17 18 19
19 20 21 22 23 24 25  16 17 18 19 20 21 22  20 21 22 23 24 25 26
26 27 28 29 30 31   23 24 25 26 27 28 29  27 28 29 30
        30 31    
                       

OCTOBER   NOVEMBER DECEMBER 
                       
S M T W T F S  S M T W T F S  S M T W T F S

    1 2 3  1 2 3 4 5 6 7   1 2 3 4 5
4 5 6 7 8 9 10  8 9 10 11 12 13 14  6 7 8 9 10 11 12

11 12 13 14 15 16 17  15 16 17 18 19 20 21  13 14 15 16 17 18 19
18 19 20 21 22 23 24  22 23 24 25 26 27 28  20 21 22 23 24 25 26
25 26 27 28 29 30 31  29 30  27 28 29 30 31
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APPENDIX D: USE OF AN OMEGA TEMPERATURE DATA LOGGER 
The Omega OM-EL-USB-1is a portable temperature data logger that 
interfaces with a computer through its USB connection. 

On the OM-EL-USB-1, the temperature sensor is located inside the 
unit, between the battery and the USB connector. The response time of 
the temperature sensor is directly related to the rate of change of the 
ambient temperature. A larger rate of change will require a longer time 
for the sensor to reach ambient temperature. 

 

 

To set up the OM-EL-USB-1: 
1. Remove the semi-transparent cap from the OM-EL-USB-1. 
2. Install the battery in the OM-EL-USB 
3. Insert the OM-EL-USB-1 into a free USB port on your computer. The computer will 

automatically detect the presence of the OM-EL-USB-1 and start the hardware 
installation process. Refer to the Installation guide. 

4. Double-click the Easy Log USB icon on your desktop to launch the control software. 
You will be presented with three options on the Main Screen. 

5. Click on the green button to set up and start the OM-EL-USB-1 Data Logger and follow 
the setup procedure: 

a. USB Data Logger Name, Temperature Scale and Sample Rate:  
- enter the Logger Name,  
- select the Temperature Scale,  
- select the Sample Rate,  
- then click Next. 

b. Note: If you are using this Data Logger for the first time, then it will contain 
some sample data, and you will receive a warning message. Click OK to 
continue. 

c. Setting the start time and date:  
- either click Finish if you want to start logging immediately or 
- select the Start Time and Start Date for logging to commence, and then click 
Finish. 

d. The summary screen will appear. 
6. Remove the OM-EL-USB-1 from the computer and place it in the location where you 

want to measure temperature.  
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NOTE: If you leave the OM-EL-USB-1 connected to your PC, the Data Logger will operate 
at an elevated temperature, due to a self heating effect. This will cause the Data Logger to 
record erroneous temperature readings. If the Data Logger is connected to the USB port for a 
long time (e.g. 15 minutes), then you should allow time for the Data Logger to cool down 
after disconnecting it from the USB port. 

 
NOTE: When the OM-EL-USB-1 is connected to the USB port, the battery inside the Data 
Logger is discharged at a higher rate than normal. To conserve battery life, do not leave the 
OM-EL-USB-1 connected to the USB port for a prolonged period of time. 

 
To recover data from the OM-EL-USB-1: 

1. Insert the OM-EL-USB-1 into a free USB port on your computer. Click on the red button 
to stop the data logger and download any stored data. 

2. To avoid inadvertently interrupting a logging exercise, you will be asked to confirm that 
you do indeed want to halt the logging process. 

3. Click Yes to stop the logging exercise. 
4. A window pops up to show that the Data Logger is in the Stopped condition, it also 

displays the Data Logger's Name and the number of Readings stored inside its memory. 
5. To save the data to the PC and graph it, click OK. After selecting a suitable filename for 

the logged data* (i.e., 3005 PM10 USB_12.26.08.txt), the graph program will open 
automatically and display the readings as a graph. 
NOTE: If you do not choose a file name, then the OM-EL-WIN-USB software will 
attempt to save the data to a file with the same name as the logger name. 
NOTE: Before downloading critical data from the data logger, ensure that there are other 
programs running on the PC. 

6. The data that has just been downloaded will remain in the logger's memory until it has 
been set up again. 

7. Open EXCEL.  Open the folder containing the downloaded USB data. Change ‘File of 
type’ to ‘All Files (*.*). Select the appropriate file and click ‘Open’. Select ‘Delimited’ 
and ‘Next’. Select ‘Comma’ and ‘Finish’. 

8. The data will appear and should be similar to the table below. HINT: If time column isn’t 
readily visible, increase the column width to view. 

 
3005 Time Celsius(�C) Serial Number 

12 31/12/2008 23:00:00 9.5  
13 1/1/2009 0:00 9  
14 1/1/2009 1:00 8.5  
15 1/1/2009 2:00 8.5  
16 1/1/2009 3:00 8.5  
17 1/1/2009 4:00 8  
18 1/1/2009 5:00 8  
19 1/1/2009 6:00 8  
20 1/1/2009 7:00 8  
21 1/1/2009 8:00 8.5  
22 1/1/2009 9:00 8.5  
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23 1/1/2009 10:00 9  
24 1/1/2009 11:00 8.5  
25 1/1/2009 12:00 9  
26 1/1/2009 13:00 8.5  
27 1/1/2009 14:00 8.5  
28 1/1/2009 15:00 8.5  
29 1/1/2009 16:00 8.5  
30 1/1/2009 17:00 8  
31 1/1/2009 18:00 8  
32 1/1/2009 19:00 7.5  
33 1/1/2009 20:00 7.5  
34 1/1/2009 21:00 8  
35 1/1/2009 22:00 8  
36 1/1/2009 23:00 8  
37 2/1/2009 0:00 8.5 =average(C4:C27) 
38 2/1/2009 1:00 8  

  
9. Click a cell below or to the right of the numbers for which you want to find the average. 

In the example above, cells C4 thru C27 are selected.  
10. Type ‘= average (**)’ where ** = select the range of cells to be averaged and then press 

ENTER. 
11. Enter this average temperature onto the BAAQMD PM10 24 Hour Sample Report.
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APPENDIX E: EXAMPLE OF AN EXCEL PM10 LOOKUP TABL 
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