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SAMPLING OF AMBIENT AIR FOR TOTAL SUSPENDED PARTICULATE
 

MATTER (SPM) AND PM10 USING HIGH VOLUME (HV) SAMPLER
 

1. Scope 

1.1 Suspended particulate matter (SPM) in air generally is a complex, multi-phase system of all airborne 
solid and low vapor pressure liquid particles having aerodynamic particle sizes from below 0.01-100 µm and 
larger. Historically, SPM measurement has concentrated on total suspended particulates (TSP), with no 
preference to size selection. 

1.2 The U. S. Environmental Protection Agency (EPA) reference method for TSP is codified at 40 CFR 50, 
Appendix B. This method uses a high-volume sampler to collect particles with aerodynamic diameters of 
approximately 100 µm or less.  The high-volume samples 40-60 ft3/min of air with the sampling rate held 
constant over the sampling period.  The high-volume design causes the TSP to be deposited uniformly across 
the surface of a filter located downstream of the sampler inlet.  The TSP high-volume can be used to 
determine the average ambient TSP concentration over the sampling period, and the collected material 
subsequently can be analyzed to determine the identity and quantity of inorganic metals present in the TSP. 

1.3 Research on the health effects of TSP in ambient air has focused increasingly on particles that can be 
inhaled into the respiratory system, i.e., particles of aerodynamic diameter less than 10 µm.  The health 
community generally recognizes that these particles may cause significant adverse health effects.  Recent 
studies involving particle transport and transformation strongly suggest that atmospheric particles commonly 
occur in two distinct modes:  the fine (<2.5 µm) mode and the coarse (2.5-10.0 µm) mode. The fine or 
accumulation mode (also termed the respirable particulate matter) is attributed to growth of particles from 
the gas phase and subsequent agglomeration, while the coarse mode is made of mechanically abraded or 
ground particles. Particles that have grown from the gas phase (either because of condensation, 
transformation, or combustion) occur initially as very fine nuclei--0.05 µm.  These particles tend to grow 
rapidly to accumulation mode particles around 0.5 µm which are relatively stable in the air.  Because of their 
initially gaseous origin, particle sizes in this range include inorganic ions such as sulfate, nitrate, ammonia, 
combustion-form carbon, organic aerosols, metals, and other combustion products.  Coarse particles, on the 
other hand, are produced mainly by mechanical forces such as crushing and abrasion.  Coarse particles, 
therefore, normally consist of finely divided minerals such as oxides of aluminum, silicon, iron, calcium, and 
potassium.  Coarse particles of soil or dust mostly result from entrainment by the motion of air or from other 
mechanical action within their area. Since the size of these particles is normally > 2.5 µm, their retention 
time in the air parcel is shorter than the fine particle fraction. 

1.4 On July 1, 1987, the U. S. Environmental Protection Agency (EPA) promulgated a new size-specific air 
quality standard for ambient particulate matter.  This new primary standard applies only to particles with 
aerodynamic diameters #10 micrometers (PM10) and replaces the original standard for TSP.  To measure 
concentrations of these particles, the EPA also promulgated a new federal reference method (FRM).  This 
method is based on the separation and removal of non-PM10 particles from an air sample, followed by 
filtration and gravimetric analysis of PM10 mass on the filter substrate. 
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1.5 The new primary standard (adopted to protect human health) limits PM10 concentrations to 150 µg/std. 
m3 averaged over a 24-h period. These smaller particles are able to reach the lower regions of the human 
respiratory tract and, therefore, are responsible for most of the adverse health effects associated with 
suspended particulate pollution. The secondary standard, used to assess the impact of pollution on public 
welfare, has also been established at 150 µg/std. m3. 

1.6 Ambient air SPM measurements are used (among other purposes) to determine whether defined 
geographical areas are in attainment or non-attainment with the national ambient air quality standards 
(NAAQS) for PM10.  These measurements are obtained by the States in their State and local air monitoring 
station (SLAMS) networks as required under 40 CFR Part 58.  Further, Appendix C of Part 58 requires that 
the ambient air monitoring methods used in these EPA-required SLAMS networks must be methods that have 
been designated by the EPA as either reference or equivalent methods. 

1.7 Monitoring methods for particulate matter are designated by the EPA as reference or equivalent methods 
under the provisions of 40 CFR Part 53, which was amended in 1987 to add specific requirements for PM10 

methods. Part 53 sets forth functional specifications and other requirements that reference and equivalent 
methods for each criteria pollutant must meet and explicit test procedures by which candidate methods or 
samplers are to be tested against those specifications.  General requirements and provisions for reference and 
equivalent methods are also given in Part 53, as are the requirements for submitting an application to the EPA 
for a reference or equivalent method determination. 

1.8 Several methods are available for measuring SPM in ambient air.  As mentioned earlier, the most 
commonly used device is the high-volume sampler, which consists essentially of a blower and a filter, and 
which is usually operated in a standard shelter to collect a 24-h sample.  The sample is weighed to determine 
concentration and may be analyzed chemically.  The high volume sampler is considered a reliable instrument 
for measuring the mass concentration of TSP in ambient air. When EPA first regulated TSP, the NAAQS 
was stated in terms of SPM captured on a filter with aerodynamic particle size of <100 µm as defined by 
the TSP sampler; therefore, the TSP sampler was used as the reference method. 

1.9 Under Part 53 requirements, reference methods for PM10 must be shown to use the measurement 
principle and meet other specifications set forth in 40 CFR 50, Appendix J.  They must also include a PM10 

sampler that meets the requirements specified in Subpart D of 40 CFR 53.  Appendix J specifies a 
measurement principle based on extracting an air sample from the atmosphere with a powered sampler that 
incorporates the inertial separation of PM10 size range particles followed by the collection of PM10 particles 
on a filter over a 24 h period.  The average PM10 concentration for the sample period is determined by 
dividing the net weight gain of the filter over the sample period by the total volume of air sampled, corrected 
to EPA's standard temperature (25EC) and standard pressure (760 mm Hg). Other specifications for flow 
rate control and measurement, flow rate measurement device calibration, filter media characteristics and 
performance, filter conditioning before and after sampling, filter weighing, sampler operation, and correction 
of sample volume to EPA reference temperature and pressure are prescribed in Appendix J.  In addition, 
sampler performance requirements in Subpart D of Part 53 include sampling effectiveness (the accuracy of 
the PM10 particle size separation capability) at each of the three wind speeds and at "50% cutpoint" (the 
primary measure of 10-µm particle size separation).  Field tests for sampling precision and flow rate stability 
are also specified.  In spite of the instrumental nature of the sampler, this method is basically a manual 
procedure, and all designated reference methods for PM10 are therefore defined as manual methods. 
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1.10 This document describes the procedures for sampling SPM in ambient air for both TSP and PM10 based 
upon active sampling using a high volume air sampler.  The ambient particles are collected on quartz fiber 
filters. The sampler collects TSP or PM10 ambient particles depending upon the type of inlet selected. 

2. Applicable Documents 

2.1 ASTM Documents 

• D4096 Application of the High Volume Sample Method for Collection and Mass Determination of 
Airborne Particulate Matter. 

• D1356 Definition of Terms Related to Atmospheric Sampling and Analysis. 
• D1357 Practice for Planning the Sampling of the Ambient Atmosphere. 
• D2986 Method for Evaluation of Air Assay Media by the Monodisperse DOP (Dioctyl Phthalate) Smoke 

Test. 

2.2 Other Documents 

• U. S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement 
Systems, Volume I: A Field Guide for Environmental Quality Assurance, EPA/600/R-94/038a. 

• U. S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement 
Systems, Volume II: Ambient Air Specific Methods (Interim Edition), EPA/600/R-94/038b. 

• Reference Method for the Determination of Particulate Matter in the Atmosphere, 40 CFR 50, Appendix 
J. 

• Reference Method for the Determination of Suspended Particulates in the Atmosphere (High Volume 
Method), 40 CFR 50, Appendix B. 

• Reference Method for the Determination of Lead in Suspended Particulate Matter Collected from 
Ambient Air, 40 CRF 50, Appendix G. 

• Reference Method for this Determination of Suspended Particulates in the Atmosphere (PM10 Method), 
40 CFR 50, Appendix J. 

3. Summary of Method 

3.1 The sampling of a large volume of atmosphere, 1,600-2,400 m3 (57,000-86,000 ft3), with a high-volume 
blower, typically at a rate of 1.13-1.70 m3/min (40-60 ft3/min), is described in this method.  The calibration 
and operation of typical equipment used in this sampling is also described. 

3.2 Air is drawn into the sampler and through a glass fiber or quartz filter by means of a blower, so that 
particulate material collects on the filter surface.  Without a 10 µm size-selective inlet, particles of 100 µm 
size and less enter the sampling inlet and are collected on the downstream filter.  The collection efficiencies 
for particles larger than 20 µm decreases with increasing particle size, and it varies widely with the angle of 
the wind with respect to the roof ridge of the sampler shelter.  When glass fiber filters are used, particles 
100-0.1 µm or less in diameters are ordinarily collected.  With a size-select inlet, particles 10 µm diameter 
or less are collected on the quartz filter. 
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3.3 The upper limit of mass loading is determined by plugging the filter medium with sample material, which 
causes a significant decrease in flow rate.  For very dusty atmospheres, shorter sampling periods will be 
necessary. 

3.4 The volume of air sampled is determined by a flow-rate indicator. The instrument flow-rate indicator 
is calibrated against a reference orifice meter.  The latter is a working standard which, in turn, has been 
calibrated against a master flow meter certified by the National Institute of Standards and Technology (NIST). 

3.5 Airborne particulate matter retained on the filter may be examined or analyzed chemically by a variety 
of methods (ICP, ICP/MS, AA, GFAA, and NAA) as delineated in Inorganic Compendium Methods IO-3.2 
through IO-3.7. 

4. Significance 

4.1 The area of toxic air pollutants has been the subject of interest and concern for many years.  Recently 
the use of receptor models has resolved the elemental composition of atmospheric aerosol into components 
related to emission sources.  The assessment of human health impacts resulting in major decisions on control 
actions by federal, state and local governments is based on these data.  Accurate measures of toxic air 
pollutants at trace levels is essential to proper assessments. 

4.2 The high volume sampler is commonly used to collect the airborne particulate component of the 
atmosphere. A variety of options available for the sampler provides broad versatility and allows the user to 
develop information about the size and quantity of airborne particulate material and, using subsequent 
chemical analytical techniques, information about the chemical properties of the particulate matter.  The 
advent of inductively coupled plasma spectroscopy has improved the speed and performance of metals 
analysis in many applications. 

5. Definitions 

[Note: Definitions used in this document are consistent with those used in ASTM Methods.  All pertinent 
abbreviations and symbols are defined within this document at point of use.] 

5.1 High-Volume Air Sampler (HV).  A device for sampling large volumes of an atmosphere for collecting 
the contained particulate matter by filtration.  Consists of a high-capacity blower, a filter to collect suspended 
particles, and a means for measuring the flow rate. 

5.2 Working Flow-Rate Standard. A flow-rate measuring device, such as a standard orifice meter, that 
has been calibrated against a master flow-rate standard.  The working flow-rate standard is used to calibrate 
a flow measuring or flow rate indicating instrument. 

5.3 Master Flow-Rate Standard.  A flow-rate measuring device, such as a standard orifice meter, that has 
been calibrated against a primary standard. 

5.4 Primary Flow-Rate Standard.  A device or means of measuring flow rate based on direct primary 
observations such as time and physical dimensions. 
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5.5 Spirometer.  A displacement gasometer consisting of an inverted bell resting upon or sealed by liquid 
(or other means) and capable of showing the amount of gas added to or withdrawn from the bell by the 
displacement (rise or fall) of the bell. 

5.6 Absolute Filter.  A filter or filter medium of ultra-high collection efficiency for very small particles 
(submicrometer size) so that essentially all particles of interest or of concern are collected.  Commonly, the 
efficiency is 99.95% or higher for a standard aerosol of 0.3 µm diameter. 

5.7 Calibration. The process of comparing a standard or instrument with one of greater accuracy (small 
uncertainty) to obtain quantitative estimates of the actual values of the standard being calibrated, the deviation 
of the actual value from a nominal value, or the difference between the value indicated by an instrument and 
the actual value. 

5.8 Differential Pressure Meter.  Any flow measuring device that operates by restricting air flow and 
measuring the pressure drop across the restriction. 

5.9 Emissions.  The total of substances discharged into the air from a stack, vent, or other discrete source. 

5.10 Flowmeter. An instrument for measuring the rate of flow of a fluid moving through a pipe or duct 
system. The instrument is calibrated to give volume or mass rate of flow. 

5.11 Impaction.  A forcible contact of particles of matter. A term often used synonymously with 
impingement. 

5.12 Impactor. A sampling device that employs the principle of impaction (impingement). 

5.13 Impingement.  The act of bringing matter forcibly in contact. As used in air sampling, refers to a 
process for the collection of particulate matter in which the gas being sampled is directed forcibly against a 
surface. 

5.14 Inhalable Particles.  Particles with aerodynamic diameters of <10 µm that are capable of being inhaled 
into the human lung. 

5.15 Interference.  An undesired positive or negative output caused by a substance other than the one being 
measured. 

5.16 Mass Flowmeter.  Device that measures the mass flow rate of air passing a point, usually using the rate 
of cooling or heat transfer from a heated probe. 

5.17 Matter. The substance of which a physical object is composed. 

5.18 Orifice Meter.  A flowmeter, employing as the measure of flow rate the difference between the 
pressures measured on the upstream and downstream sides of the orifice (that is, the pressure differential 
across the orifice) in the conveying pipe or duct. 

5.19 Aerodynamic Diameter (a.d.).  The diameter of a unit density sphere having the same terminal settling 
velocity as the particle in question. Operationally, the size of a particle as measured by an inertial device. 
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5.20 Particle. A small discrete mass of solid or liquid matter. 

5.21 Particulate. Solids of liquids existing in the form of separate particles. 

5.22 Precision. The degree of mutual agreement between individual measurements, namely repeatability 
and reproducibility. 

5.23 Pressure Gage.  The difference in pressure existing within a system and that of the atmosphere. Zero 
gage pressure is equal to atmospheric pressure. 

5.24 Rotameter.  A device, based on the principle of Stoke's law, for measuring rate of fluid flow. It 
consists of a tapered vertical tube having a circular cross section, and containing a flow that is free to move 
in a vertical path to a height dependent upon the rate of fluid flow upward through the tube. 

5.25 Sampling. A process consisting of the withdrawal or isolation of a fractional part of a whole.  In air 
or gas analysis, the separation of a portion of an ambient atmosphere with or without the simultaneous 
isolation of selected components. 

5.26 Standard.  A concept that has been established by authority, custom, or agreement to serve as a model 
or rule in the measurement of quantity of the establishment of a practice or procedure. 

5.27 Traceability to NIST.  Documented procedure by which a standard is related to a more reliable 
standard verified by the National Institute of Standards Technology (NIST). 

5.28 Uncertainty. An allowance assigned to a measured value to take into account two major components 
of error:  The systematic error and the random error attributed to the imprecision of the measurement 
process. 

6. Apparatus Description 

6.1 General Description 

6.1.1  The essential features of a typical non size-specific TSP high-volume sampler are shown in 
Figure 1. The high volume sampler is a compact unit consisting of a protective housing; an electric motor 
driven; a high-speed, high-volume blower; a filter holder capable of supporting a 203 x 254-mm (8 in. by 
10 in.) filter; and a flow-controller for controlling the air-flow rate through the instrument at 40-60 ft3/min. 

6.1.2 In operation, this traditional TSP sample draws ambient air into the sampler through the air inlet 
gap between the cover and the sampler housing walls (see Figure 2).  The air inlet is uniform on all sides of 
the sampler to provide an effective particle capture air velocity between 20-35 cm/sec. at the recommended 
flow rate between 40-60 ft3/min. The gable roof design of the sampler allows the sampled air to be evenly 
distributed over the surface of a downstream filter, where TSP is collected. 

6.1.3 For PM10 measurement, the traditional gable roof of the TSP sampler is replaced with an impactor 
design size-select inlet, as illustrated in Figure 3.  For the impaction design, an air sample enters a 
symmetrical (therefore wind-direction insensitive) hood and is deflected upward into a buffer chamber.  The 
buffer chamber is evacuated at a rate of 68 m3/h (40 cfm) through multiple circular nozzles. Particles are 
accelerated as they pass through the nozzles to an impaction chamber (see Figure 4).  Because of their 
momentum, particles having diameters larger than the inlet's 10-µm cut design impact the surface of the 
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impaction chamber.  Smaller particles rise through the impaction chamber at speeds slow enough to minimize 
reentrainment of the impacted particles and then pass through multiple vent tubes to the high-volume 
sampler's filter where they are collected. 

6.1.4 The second size-select design for PM10 measurement is the cyclone inlet, as illustrated in Figure 
5.  The omnidirectional cyclone used for fractionation in this inlet allows particles to enter from all angles 
of approach.  An angular velocity component is imparted to the sample air stream and the particles contained 
in it by a series of evenly spaced vanes.  Larger particle removal occurs in an inner collection tube. This tube 
incorporates a "perfect absorber," which is an oil-coated surface to eliminate particle bounce and 
reentrainment.  The sample flow (with the unremoved smaller particles) then enters an intermediate tube, 
where the trajectory is altered to an upward direction. An additional turn is then made to alter the flow to 
a downward trajectory to allow the remaining particles (i.e., PM10 fraction) to deposit on a filter for 
subsequent analysis. As with the impaction inlet, control of air velocities in the cyclonic inlet is critical to 
maintain the correct particle size cutpoint.  Maintaining the correct design volumetric flow rate through the 
inlet is important.  This design flow rate is specified by the manufacturer in the instruction manual. For 
example, a popular cyclonic impaction inlet has a design flow rate of 1.13 m3/min. 

6.2 Filter Medium 

6.2.1 Selecting a filtration substrate for time-integrated SPM monitoring must be made with some 
knowledge of the expected characteristics and a pre-determined analytical protocol.  For any given standard 
test method, the appropriate medium will normally be specified. 

6.2.2 Of the various types of filters listed in Table 1 of Chapter IO-2 Overview, four general types of 
filter material have been used to capture SPM.  They include cellulose fiber, quartz/glass fiber, mixed fiber 
and membrane filter types.  Selecting a filter depends upon variables such as background metal content, 
artifact formation, and affinity for moisture.  The basic characteristics of the types of filter material used in 
air monitoring are outlined in Table 1, while useful filter properties are identified in Table 2.  Several 
characteristics are important in selection of filter media. They are: 

• Particle Sampling Efficiency. Filters should remove more than 99% of SPM from the air drawn 
through them, regardless of particle size or flow rate. 

• Mechanical Stability. Filters should be strong enough to minimize leaks and wear during handling. 
• Chemical Stability. Filters should not chemically react with the trapped SPM. 
• Temperature Stability. Filters should retain their porosity and structure during sampling. 
• Blank Correction. Filters should not contain high concentrations of target compound analytes. 
6.2.3 Quartz fiber filters are the most commonly used filters for SPM sampling for determining mass 

loading.  Typical characteristics of quartz fiber filters are (1) a fiber content of high purity quartz, (2) a 
binder of below 5% (zero for binderless types), (3) a thickness of approximately 0.5 mm, (4) a surface with 
no pinholes, and (5) an allowance of no more than 0.05% of smoke particles to pass through the filter at a 
pressure of 100 mm of water with a flow rate of 8.53 m/min (28 ft/min), as determined by a DOP smoke test 
(see ASTM Method D2986). 

6.2.4 Quartz fiber filters are made from finely spun glass fiber by combining the fiber with an organic 
binder and compressing this material in a paper machine.  These filters are increasingly used in air sampling. 
These filters have the ability to withstand high temperatures (up to 540EC).  They are further typified by high-
collection efficiency.  In some cases, the organic binder may interfere with subsequent analysis, so the filter 
is flash-fired to remove the binder material.  This action causes some loss in tensile strength and usually 
requires that a backing material be used during sampling.  The quartz filters are nonhydroscopic, thus 
allowing them to be used in areas where humidity is high.  Because they are glass, they are the filter choice 
for most corrosive atmospheres. All the filters in this category are fragile and must be handled with care. 
Quartz fiber filters, because of the high silicate content, are extremely difficult to ash by chemicals or heat. 
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Therefore, extraction procedures are performed on these filters to remove the sample for subsequent chemical 
analysis. For this reason, flash-fired quartz filters are the major atmospheric sampling filters. 

6.3 Flow Control System 

The high-volume sampler employs two basic types of flow control systems.  One is a mass-flow-control 
(MFC) system; the other is a volumetric-flow-control (VFC) system. Because the calibration and standard 
operating procedures differ considerably between these two types of flow-control systems, this method 
presents procedures that are control-system-specific.  PM10 inlets can be used with either the MFC and VFC 
systems. 

6.3.1  Mass-flow-control (MFC) system.  The flow rate in a MFC system is actively sensed and 
controlled at a predetermined set point. Air is pulled through the filter into the intake of a blower and 
subsequently exits the sampler through an exit orifice, which facilitates measurement of the flow with a 
manometer or pressure recorder. The flow rate is controlled by an electronic mass-flow controller, which 
uses a flow sensor installed below the filter holder to monitor the mass flow rate and related electronic 
circuitry to control the speed of the motor accordingly to provide a constant sampling rate.  The controlled 
flow rate can be changed by an adjustment knob on the flow controller. 

6.3.2  Volumetric-flow-control (VFC) system.  A VFC system maintains a constant volumetric flow rate 
through the inlet, rather than a constant mass flow rate as in the MFC system.  In a popular commercial VFC 
system, a choked-flow venturi is operated such that the air attains sonic velocity in the throat of the device. 
In this "choked" mode, the flow rate is unaffected by downstream conditions, such as motor speed or exit 
pressure and is a predictable function of upstream conditions, such as the stagnation pressure ratio and 
temperature. Thus, the volumetric flow is controlled without any moving parts or electronic components. 
In this type of flow control system, no means is provided for adjusting the controlled flow rate.  The 
controlled flow rate is set by the manufacturer through engineering design of the venturi. 

7. Calibration 

7.1 Introduction 

[Note:  All sampling equipment must be properly calibrated. Calibration is the relationship between an 
instrumental output and the input of a known reference standard.  The objective of this section is to provide 
technically sound flow-rate calibration procedures for the MFC and VFC HV samplers.] 

[Note: Consistency of temperature and barometric pressure is required.  All temperatures should be expressed 
in kelvin (K = EC + 273).  All barometric pressures should be expressed in mm Hg. Avoid calibrating an 
HV sampler using one set of units and then performing sample calculations using another set.] 

7.1.1  HV sampler inlet.  Two types of size-selective inlets available are impaction and cyclonic for 
monitoring inhalable particles (<10 µm).  The particle size discrimination characteristics of both the 
impaction and cyclonic type inlets depend critically on maintaining certain air velocities within the inlet; a 
change in velocity will result in a change in the nominal particle size collected.  For this reason, the flow rate 
through the inlet must be maintained at a constant value that is as close as possible to the inlet's design flow 
rate.  The design flow rate for a given sampler is specified in the sampler's instruction manual. The manual 
may also provide tolerance limits (or upper and lower limits) within which the sampler flow must be 
maintained. If the tolerance is not specified by the manufacturer, it should be assumed to be ±10%. 
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7.1.1.1 The symmetrical design of the impaction inlet (see Figure 4) ensures wind-direction 
insensitivity.  Ambient air that is drawn into the inlet is evacuated from the buffer chamber through nine 
acceleration nozzles into the first impaction chamber, where initial particle separation occurs.  The air is then 
accelerated through an additional 16 jets into a second impaction chamber.  The acceleration jets have critical 
diameters calculated by the manufacturer to provide the necessary changes in velocity to effect correct 
particle size fractionation within the impaction chambers. The air flow finally exits the inlet through nine 
vent tubes onto a sample filter.  Because air velocities are critical to maintain the correct particle size cutpoint 
within the inlet, maintaining the correct design flow rate through the inlet is important.  This design flow rate 
is specified by the manufacturer in the instruction manual.  For example, the design flow rate for one popular 
impaction inlet is 1.13 m3/min. 

7.1.1.2 The omnidirectional cyclone inlet (see Figure 5) used for fractionation allows particles to enter 
from all angles of approach.  A angular velocity component is imparted to the sample air stream and the 
particles contained in it by a series of evenly spaced vanes.  Larger particle removal occurs in an inner 
collection tube.  This tube incorporates a "perfect absorber," an oil-coated surface to eliminate particle 
bounce and reentrainment.  The sample flow (with the unremoved smaller particles) then enters an 
intermediate tube, where the trajectory is altered to an upward direction.  An additional turn is then made 
to alter the flow to a downward trajectory to allow the remaining particles (i.e., PM10 fraction) ultimately to 
deposit on a filter for subsequent analysis.  As with the impaction inlet, control of air velocities in the 
cyclonic inlet is critical to maintain the correct particle size cutpoint.  Maintaining the correct design 
volumetric flow rate through the inlet is important. This design flow rate is specified by the manufacturer 
in the instruction manual. For example, as in the case of the impaction inlet, a popular cyclonic inlet also 
has a design flow rate of 1.13 m3/min. 

7.1.2  Total suspended particulate (TSP). As illustrated in Figure 2, particles of less than 100 µm are 
collected at a flow rate of 1.13-1.70 m3/min (40-60 ft3/min) using the conventional high-volume sampler, 
without size selection. 

7.2 Summary of Calibration Procedures 

[Note: During calibration, a closure plate perforated with a number of circular orifices is connected to the 
inlet of the sampler.  The pressure drop across this orifice plate provides a measure of instrument air flow 
rate at any time.  This pressure drop may be indicated by a rotameter, manometer, or other pressure-
responsive device traceable to an NIST certified standard.] 

7.2.1 A simple and sufficiently accurate method of calibrating is to compare the sampler meter with an 
orifice meter (working standard) that has been calibrated against a primary or master standard such as a Roots 
meter. 

7.2.2 The preferable primary standard is a Roots meter of sufficient capacity to allow an accurate 
time-volume reading, which would be at least 30 s. 

7.2.3 A positive displacement pump or blower may be used as a master flow-rate standard.  In this case, 
the delivery rate of the master standard must be known accurately and the equipment must be in sound 
mechanical condition (no bypass leakage). 

7.3 Certification of an Orifice Transfer Standard 

[Note:  The following certification procedure is applicable to an orifice transfer standard such as those that 
have been used previously in the calibration of both the traditional HV sampler and the PM10 samplers. Two 
common types of orifice devices are available: one equipped with a set of fixed resistance plates (e.g., a 
reference flow [Ref] device or a top-hat orifice) and one with an externally variable resistance valve.  The 
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series of plates normally provided by the orifice manufacturer include an 18-, 13-, 10-, 7-, and 5-hole plate. 
Unfortunately, the 5-hole plate provides too low a flow rate to be useful for HV calibration, and other plates 
may produce flow rates substantially outside the design flow-rate range of the commercially available HV 
inlets.  One may opt to fabricate or procure a different series of resistance ranges or use the 
variable-resistance type orifice device.] 

7.3.1 Orifice Calibration Procedure. 
7.3.1.1 Assemble the following equipment (see Figure 6): 
•	 Orifice transfer standard (i.e., top-hat orifice, variable orifice, or ReF device) to be calibrated. 
•	 Water or oil manometer with a 0-400 mm (0-16") range and minimum scale divisions of 1 mm 

(0.1"). This manometer should be permanently associated with the orifice transfer standard. 
•	 Variable voltage transformer, a set of resistance plates, or available flow orifice (see Figure 7). 
•	 Calibrated positive displacement, standard volume meter (such as a Roots Meter®) traceable to 

National Institute of Standards and Technology (NIST). 

[Note: As they are sold, standard volume meters may not be traceable to NIST.  Traceability can 
be established directly through NIST or indirectly through the meter manufacturer's repair 
department.  Periodic recertification is not normally required under clean service conditions unless 
the meter has been damaged and must be repaired.  In general, damage will be indicated by a 
substantial (e.g., 50%) increase in the pressure drop across the meter.  The meter's traceability 
certificate should contain a graph of the pressure drop as a function of flow rate.] 

•	 High-volume air mover (e.g., a blower motor from a HV sampler). 
•	 Accurate stopwatch. 
•	 Mercury manometer, with a 0-200 mm (0-8") range and minimum scale divisions of 1 mm (0.1"). 
•	 Thermometer, capable of accurately measuring temperatures over the range of 0-50EC (273-323 

K) to the nearest ±1EC and referenced to an NIST or ASTM thermometer within ±2EC at least 
annually. 

•	 Barometer, capable of accurately measuring ambient barometric pressure over the range of 500-800 
mm Hg (66-106 kPa) to the nearest mm Hg and reference within ±5 mm Hg of a barometer of 
known accuracy at least annually. 

•	 Orifice transfer standard certification worksheet (see Figure 8). 

7.3.1.2 Record on the orifice transfer standard certification worksheet the standard volume meter's 
serial number; orifice transfer standard's type, model, and serial number; the person performing the 
certification; and the date. 

7.3.1.3 Observe the barometric pressure and record it as Pa.  Read the ambient temperature in the 
vicinity of the standard volume meter and record it as Ta (K = EC + 273). 

7.3.1.4 Connect the orifice transfer standard to the inlet of the standard volume meter.  Connect the 
mercury manometer to measure the pressure at the inlet of the standard volume meter.  Connect the orifice 
(water or oil) manometer to the pressure tap on the orifice transfer standard.  Connect a high-volume air 
mover to the outlet side of the standard volume meter.  Make sure that all gaskets are present and are in good 
condition. 

7.3.1.5 Check that the standard volume meter table is level and adjust its legs if necessary. 
7.3.1.6 Check for leaks by temporarily clamping both manometer lines (to avoid fluid loss) and 

blocking the orifice with a large-diameter rubber stopper, wide duct tape, or other suitable means.  Start the 
high-volume air mover and note any change in the standard volume meter's reading.  The reading should 
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remain constant.  If the reading changes, locate any leaks by listening for a whistling sound and/or 
retightening all connections, making sure that all gaskets are properly installed. 

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked.  This precaution will 
reduce the chance that the motor will be overheated due to the lack of cooling air.  Such overheating can 
shorten the motor's lifetime; it can raise temperatures to the point of defeating the electrical insulation which 
could result in fire or electric shock to the user.] 

7.3.1.7 After satisfactorily completing the leak check, turn off the high-volume air sampler, unblock 
the orifice, and unclamp both manometer lines.  Zero the water and mercury manometers by sliding their 
scales so that their zero lines are even with the bottom of the meniscuses. 

7.3.1.8 Turn on the high-volume air sampler. Adjust the variable voltage transformer to achieve an 
appropriate flow rate (i.e., within the approximate range of 0.9-1.3 m3/min (32-46 ft3/min)). If necessary, 
use fixed resistance plates or the variable resistance valve to achieve the appropriate flow rate (see Figure 7). 
The use of fixed resistance plates is discouraged (but not prohibited) because the leak check must be repeated 
each time that a plate is installed. 

7.3.1.9 After setting a flow rate, allow the system to run for at least 1 min to attain a constant motor 
speed. Observe the standard volume meter dial reading and simultaneously start the stopwatch.  Error in 
reading the meter dial can be minimized by starting and stopping the stopwatch on whole number dial 
readings (e.g., 4091.00). 

7.3.1.10 Record the initial volume that the meter dial indicated when the stopwatch was started. 
Maintain this constant flow rate until at least 3 m3 of air have passed through the standard volume meter. 
Record the standard volume meter's inlet pressure manometer reading as )Hg and the orifice manometer 
reading as )H2O. If )H2O changes significantly during the run, abort the run and start again. 

7.3.1.11 When at least 3 m3 of air have passed through the system, note the standard volume meter 
reading and simultaneously stop the stopwatch. Record the final volume that the meter dial was indicating 
when the stopwatch was stopped. Record the elapsed time ( Time) indicated on the stopwatch. 

7.3.1.12 Calculate the volume measured by the standard volume meter ( Vol.) using the following 
equation: 

) Vol. = Final Volume - Initial Volume 

7.3.1.13 Correct this volume to ambient atmosphere pressure. 

Va = ) Vol. (Pa - ) Hg)/Pa 
where: 

Va = actual volume at ambient barometric pressure, m3.
 
) Vol. = actual volume measured by the standard volume meter, m3.
 

Pa = ambient barometric pressure during calibration, mm Hg.
 
) Hg = differential pressure at inlet to volume meter, mm Hg.
 

7.3.1.14 Calculate the actual volumetric flow rate (m3/min). 

Qa = Va/) Time 
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where: 

Qa = actual volumetric flow rate through the orifice, m3/min. 
) time = elapsed time, min. 

7.3.1.15 Repeat Sections 7.3.1.8 through 7.3.1.14 for at least four additional flow rates within the 
approximate range of 0.9-1.3 m3/min (32-46 ft3/min).  At least five evenly distributed different flow rates are 
required, and at least three flow rates must be in the specified inlet flow-rate interval (1.02-1.24 m3/min 
[36-44 ft3/min]).  Better calibration precision may be obtained by running additional flow rates or repeating 
the flow rates. 

7.3.1.16 For each flow, compute [() H2O)(Ta/Pa)]½, and plot these values against the corresponding 
values of Qa.  Draw the orifice transfer standard's certification curve. For the model [() H2O)(Ta/Pa]1/2 = 
m (Qa) + b, calculate the linear least squares regression's slope (m), intercept (b), and correlation coefficient 
(r) of the certification relationship. Plot the regression line on the same graph as the calibration data, as 
illustrated in Figure 9. A certification graph should be readable to 0.02 m3/min. 

7.3.1.17 If any calibration point does not fall within ±2% of the line, rerun the point, recalculate, and 
replot. 

7.3.1.18 For subsequent use of the orifice transfer standard, calculate Qa from the calibration 
relationship as: 

Qa(orifice) = {[() H2O)(Ta/Pa)]½ - b} {l/m} 
where: 

Qa(orifice) = actual volumetric flow rate as indicated by the orifice transfer standard, m3/min 
) H2O = pressure drop across the orifice, mm H2O. 

Ta = ambient temperature during use, K (K = EC + 273). 
b = intercept of the orifice calibration relationship. 
m = slope of the orifice calibration relationship. 

7.3.2  Orifice Transfer Standard Calibration Frequency.  Upon receipt and at l-yr intervals, the 
calibration of the orifice transfer standard should be certified with a standard volume meter (such as a Roots 
Meter®) traceable to NIST. An orifice transfer standard should be visually inspected for signs of damage 
before each use and should be recalibrated if the inspection reveals any nicks or dents. 

7.4 Procedure for a Mass-Flow-Controlled (MFC) High Volume Sampler 

The MFC sampler calibration procedure presented in this section relates known flow rates to the pressure 
in the exit orifice plenum.  The known flow rates are determined by an orifice transfer standard that has been 
certified according to the procedure presented in Section 7.3.1. The exit orifice plenum is the area within 
the motor housing (below the motor unit) that contains the air flow just before it is exhausted to the 
atmosphere through the exit orifice.  This exit orifice plenum pressure should be measured with a 25-cm 
(10") water or oil manometer.  Also, each sampler should have its own dedicated manometer, which can be 
conveniently mounted to the side of the sampler housing.  Other types of pressure measurement devices may 
be used provided they have comparable accuracy.  The 4" continuous pressure (flow) recorders of the type 
often supplied with high volume PM10 samplers are generally not sufficiently accurate and are not 
recommended for quantitative sampler pressure or flow measurements.  These flow recorders should be used 
only for nonquantitative determination that the flow was approximately constant and uninterrupted over the 
sample period.  The flow recorder may be connected in parallel with the manometer or other pressure 
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measuring device, using a tee or "y" tubing connection.  For this MFC calibration procedure, the following 
conditions are assumed: 

•	 The high volume PM10 sampler is equipped with a mass flow controller to control its sample flow rate. 
•	 The sampler flow rate is measured by measuring the exit orifice plenum pressure, using a water or oil 

manometer [or, if necessary, a continuous-flow recording device using square-root-scale chart paper]. 
•	 The transfer standard for the flow-rate calibration is an orifice device equipped with either a series of 

resistance plates or an integral variable-resistance valve.  The pressure drop across the orifice is 
measured by an associated water or oil manometer. 

[Note: Because flow recorders are still widely used for quantitative flow measurements, the calibration 
procedure includes specific instructions for quantitatively calibrating a flow recorder.  These flow recorder 
instructions are enclosed in brackets [ ] and should be used only when a manometer or other pressure 
measurement device cannot be used.] 

7.4.1 Calibration Equipment. 

7.4.1.1 Orifice transfer standard with calibration traceable to NIST (see Section 7.3). 
7.4.1.2 An associated water or oil manometer, with a 0-400 mm (0-16") range and an minimum scale 

division of 2 mm (0.1") 

[Note:  Digital manometers may also be used in place of water or oil manometers, especially in cold/frigate 
climates. Ensure the battery in the manometer is new before use.] 

7.4.1.3 A water or oil manometer, with a 0-400 mm (0-16") range and a minimum scale division of 
2 mm (0.1") for measurement of the sampler exit orifice plenum pressure.  This manometer should be 
associated with the sampler. 

[Note: Manometers used for field calibration may be subject to damage or malfunction and should thus be 
checked frequently.] 

7.4.1.4 Thermometer, capable of accurately measuring temperature over the range of 0-50EC (273-323 
K) to the nearest ±1 EC and referenced to an NIST or ASTM thermometer within ±2 EC at least annually. 

7.4.1.5 A portable aneroid barometer (e.g., a climber's or engineer's altimeter) capable of accurately 
measuring ambient barometric pressure over the range of 500-800 mm Hg (66-106 kPa) to the nearest mm 
Hg and referenced within ±5 mm Hg of a barometer of known accuracy at least annually. 

7.4.1.6 Miscellaneous handtools, calibration data sheets or station log book, and 51 mm (2") duct tape. 
7.4.2  Multipoint Flow-Rate Calibration.  The procedure presented here is basic and generic, given the 

assumptions listed in Section 7.4.  More detailed calibration procedures, variations, or alternative procedures 
may be presented in the manufacturer's instruction manual. The manual should be reviewed carefully and 
the various calibration variations or alternative procedures should be evaluated.  In-house equipment and 
personnel, procedural simplicity and uniformity, and subsequent data applications should be considered in 
establishing the specific, detailed calibration procedure to be implemented. 

[Note: Do not attempt to calibrate the MFC sampler under windy conditions. Short-term wind velocity 
fluctuations will produce variable pressure readings by the orifice transfer standard's manometer.  The 
calibration will be less precise because of pressure variations.] 
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7.4.2.1 Set up the calibration system as recommended by the manufacturer.  A typical MFC PM10 

sampler calibration configuration is illustrated in Figure 10. MFC samplers are calibrated without a filter 
or filter cassette installed. 

7.4.2.2 Disconnect the motor from the flow controller and plug it directly into a stable line voltage 
source (i.e., the sampler's on-off timer, if so equipped, or other source of the line voltage). 

7.4.2.3 Install the orifice transfer standard and its adapter faceplate on the sampler.  Check all gaskets 
and replace any questionable ones. 

[Note: Tighten the faceplate nuts evenly on alternate corners to properly align and seat the gaskets.  The nuts 
should be only hand-tightened because too much compression can damage the sealing gasket.] 

7.4.2.4 Select the first calibration flow rate and install the appropriate resistance plate or adjust the 
variable orifice valve.  At least four flow rates are required to define the calibration relationship. For 
resistance plate orifices, make sure that the orifice and resistance plate gaskets are in place and the orifice 
is not cross-threaded on the faceplate. 

7.4.2.5 To leak check, block the orifice with a large-diameter rubber stopper, wide duct tape, or other 
suitable means. Seal the pressure port with a rubber cap or similar device.  Turn on the sampler. Gently 
rock the orifice transfer standard and listen for a whistling sound that would indicate a leak in the system. 
A leak-free system will not produce an upscale response in the sampler's exit orifice manometer or flow 
recorder.  Leaks are usually caused either by a damaged or missing gasket between the orifice transfer 
standard and the faceplate or by cross-threading of the orifice transfer standard on the faceplate.  All leaks 
must be eliminated before proceeding with the calibration. When the system is determined to be leak-free, 
turn off the sampler and unblock the orifice. 

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked. This precaution will 
reduce the chance that the motor will be overheated due to the lack of cooling air.  Such overheating can 
shorten the motor's lifetime and can raise temperatures to the point of defeating the electrical insulation, 
which could result in fire or electric shock to the user.] 

7.4.2.6 Inspect the connecting tubing of both manometers for crimps or cracks.  Open the manometer 
valves (if present) and blow gently through the tubing, watching for the free flow of the fluid. 
Adjust the manometers' sliding scales so that their zero lines are at the bottom of the meniscuses.  Connect 
the orifice transfer standard manometer to the orifice transfer standard.  Connect the sampler's exit orifice 
manometer [and the continuous-flow recorder, if used] to the exit orifice plenum port.  Ensure that one side 
of each manometer is open to atmospheric pressure. Make sure that the tubing fits snugly on the pressure 
ports and on the manometer. 

7.4.2.7 If a continuous flow recorder is to be used quantitatively in lieu of a manometer, record the 
site location, sampler S/N, date, and the operator's initials on the blank side of a clean recorder chart.  Make 
sure the chart has a square-root scale.  Open the front door of the sampler and install the clean recorder chart. 

7.4.2.8 Read and record the following parameters on the HV data sheet.  An example calibration data 
sheet for the MFC sampler is illustrated in Figure 11. 

• Date, location, and operator's signature. 
• Sampler S/N and model. 
• Ambient Pa, mm Hg. 
• Ambient temperature (Ta), K (K = EC + 273). 
• Orifice S/N and calibration relationship. 
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[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be 
expressed in kelvin (K = EC + 273). Also, all barometric pressures should be expressed in mm Hg. 
Avoid calibrating a sampler using one set of units and then performing sampler calculations using another 
set.] 

[Note: Ideally, the temperature of the air in the exit orifice plenum should be measured because it will be 
somewhat higher than ambient temperature.  However, an adequate approximation of this temperature may 
be obtained by adding 30 K to the ambient temperature.  This addition is incorporated in the calculations 
given in Section 7.4.3.] 

7.4.2.9 Turn on the sampler and allow it to warm up to operating temperature (3-5 min).  Then read 
and record the orifice transfer standard's manometer deflection, ) H2O (in. H2O), and the corresponding 
sampler's manometer deflection, ) Pex [or flow recorder chart reading, I]. 

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield 
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom for air 
flow and for the manometer tubing.] 

7.4.2.10 Install the other resistance plates or adjust the variable orifice value to obtain each of the 
other calibration flow rates and repeat Section 7.4.2.9 for each.  At least four calibration flow rates are 
required. 

7.4.2.11 Plot the calibration data on a sheet of graph paper as specified in Section 7.4.3.4. 

[Note: The data should be plotted in the field as the calibration is occurring, rather than afterwards back at 
the laboratory.] 

Repeat Section 7.4.2.9 for any data that are questionable on the plot. 

[Note:  Running additional calibration points at differing flow rates or repeating the calibration points at the 
same flow rates is encouraged to improve the precision of the calibration.] 

7.4.2.12  Turn off the sampler and remove the orifice transfer standard. 
7.4.2.13  Reconnect the sampler motor to the flow controller. 
7.4.2.14 Perform the calibration calculations presented in the following section.  The data generated 

will be used to set the mass flow controller (see Section 7.4.4) to a value that will result in optimal volumetric 
flow based on the seasonal average temperature and barometric pressure at the monitoring site. 

7.4.3  Calibration Calculations.  Gather all calibration data, including the orifice calibration information 
and the sampler calibration data sheet (and, if used, the flow recorder chart, which should graphically display 
the various calibration flow rates). 

[Note: These calculations should be done at the time of the calibration, rather than later.  This approach will 
allow additional calibration points to be taken if questions arise about the data that have already been 
obtained.] 

7.4.3.1 Verify that the orifice transfer standard calibration relationship is current and traceable to an 
acceptable primary standard. 

7.4.3.2 Calculate and record Qa for each calibration point from the orifice calibration information 
using the following equation. 
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Qa(orifice) = {) H2O(Ta/Pa)]l/2 - b} {l/m} where: 

Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m3/min 
) H2O = pressure drop across the orifice, in. H2O.
 

Ta = ambient temperature during use, K (K = EC + 273).
 
Pa = ambient barometric pressure during use, mm Hg.
 
b = intercept of the orifice calibration relationship.
 
m = slope of the orifice calibration relationship.
 

7.4.3.3 Calculate and record the quantity for each calibration point as: 

) Pext = [) Pex(Ta+30)/Pa]l/2 

where: 

) Pext = transformed manometer reading. 

) Pex = sampler manometer reading, in. H2O Ta = ambient temperature, K (K = EC +273).
 

Pa = ambient barometric pressure, mm Hg.
 

[If a continuous-flow recorder is used quantitatively, calculate and record the quantity [It] as follows: 

[It] = I[Ta+ 30)/Pa]l/2 

where: 

[It] = transformed flow recorder chart reading. 

I = flow recorder chart reading, arbitrary units on square root scale.
 

[Note: If recorder charts with linear scales are used, substitute (I)l/2 for I in the above equation.] 

7.4.3.4 On a sheet of graph paper, plot the calculated Qa(orifice) flow rates on the x-axis and the 
transformed sampler manometer response, ) Pext [or the transformed flow recorder reading, It], on the 
y-axis. 

Because determining the sampler's average operational flow rate (Qa) during a sample period depends on the 
ambient average temperature and pressure, using a graphic plot of the calibration relationship is not 
recommended for subsequent data reduction.  This plot is used only to visually assess the calibration points 
to see if any should be rerun. Plot the regression line on the same graph paper as the calibration data.  For 
the regression model y = mx + b, let y +2 ) Pext and x = Qa(Orifice) so that the model is given by: 

) Pext = m[Qa(orifice)] + b 

For the flow recorder, the model is: 

It = m[Qa(orifice)] + b] 

Using a programmable calculator or a calculation data form, determine the linear regression slop (m), 
intercept (b), and correlation coefficient (r) and record them on the data sheet.  A five-point calibration 
should yield a regression equation with a correlation coefficient of r > 0.990, with no point deviating more 

Page 2.1-16 Compendium of Methods for Inorganic Air Pollutants June 1999 



  

 

 

  

Chapter IO-2 Method IO-2.1 
High Volume Integrated Sampling for SPM 

than ±0.04 m3/min from the value predicted by the regression equation.  Plot the regression line on the same 
graph paper that has the individual calibration points. 

7.4.3.5 For subsequent sample periods, the sampler's average actual operational flow rate, Qa, is 
calculated from the calibration slope and intercept using the equation.

Qa = {) Pex(Tav+30)/Pav]1/2 - b} {l/m} 

where:
Qa = the sampler's average actual flow rate, m3/min. 

) Pex = average of initial and final sampler manometer readings () Pexi + ) Pexf), mm Hg. 
Tav = average ambient temperature for the sample period, K(K=EC+273). 
Pav = average ambient pressure for the sampling period, mm Hg. 

b = intercept of the sampler calibration relationship. 
m = slope of the sampler calibration relationship. 

[For the flow controller,

Qa  = { (Tav + 30)/Pav]1/2 - b} {l/m}I 
where:

I = average flow recorder reading for the sample period.] 

[Note: If recorder charts with linear scales are used, substitute (I)l/2 for (I) in the above equation.] 

7.4.4 Mass Flow Controller Adjustment Procedure. The controlled flow rate of an MFC sampler is 
adjustable and must be set to the proper design flow rate. The constant mass flow maintained by the MFC 
causes the actual volumetric flow rate through the inlet to fluctuate as the ambient temperature and barometric 
pressure change at the monitoring site.  Normally, the range of these fluctuations is within the allowable 
tolerance limits for the inlet.  However, the flow-rate set point of the mass flow controller must be correctly 
adjusted so that the deviations are "centered" with respect to the seasonal average temperature and barometric 
pressure at the site, not the temperature and pressure prevailing at the time of setting.  The correct seasonal 
volumetric setpoint flow rate (SFR) at Ta and Pa has had the same mass flow rate as the inlet design 
volumetric flow rate at Ts and Ps. 

[Note: The correct SFR may differ from day to day and may be somewhat higher or lower than the inlet design 
flow rate on any particular day.] 

7.4.4.1 Determine the seasonal average temperature (Ts) and seasonal average pressure (Ps) at the site 
and record them on the calibration data sheet.  (Determination of the number of "seasons," i.e., the number 
of different seasonal average temperatures needed for the year, is left to the discretion of the operator.) 
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7.4.4.2 Calculate SFR and record on the calibration data sheet: 

SFR = (1.13) (Ps/Pa)(Ta/Ts) 
where: 

SFR = set-point actual volumetric flow rate for adjustment of the mass flow controller, based on 
seasonal average temperature and average pressure at site, m3/min. 

1.13 = inlet design flow rate (as specified by the manufacturer), m3/min. 
Ps, Pa = seasonal average and current ambient barometric pressure at the site, respectively, mm Hg. 
Ts, Ta = seasonal average and current ambient temperature, respectively, K (K = EC + 273). 

7.4.4.3 Calculate and record on the sampler's calibration data sheet the sampler set-point manometer 
reading [or flow recorder reading] that corresponds to the SFR calculated in Section 7.4.4.2. 

SSP = [Pa/(Ta + 30)][m(SFR) +b]2 

where: 

SSP = sampler set-point manometer reading, in H2O. 
Pa = ambient barometric pressure, mm Hg. 
Ta = ambient temperature, K (K = EC + 273). 
m = slope of the sampler's calibration relationship. 

SFR = set-point flow rate from 7.4.4.2, m3/min. 
b = intercept of the sampler's calibration relationship. 

[For the flow recorder, 

SSP = [m(SFR) + b] [Pa/(Ta+30)]½] 

7.4.4.4 Visually check to make sure the motor is connected to the mass flow controller and the 
manometer is properly connected. 

7.4.4.5 Install a clean filter (in a filter cassette) in the sampler according to the manufacturer's 
instructions. [If the continuous flow recorder is used quantitatively, install a clean chart and verify that the 
recorder is zeroed (i.e., the pen rests on the innermost circle of the chart).] 

7.4.4.6 Turn on the sampler and allow it to warm up to operating temperature (3-5 min). 
7.4.4.7 Following the manufacturer's instructions, adjust the mass flow controller until the manometer 

reading [or flow recorder response] indicates the sampler set point (SSP) as calculated in Section 7.4.4.3. 
7.4.4.8 Verify that the flow controller will maintain this flow rate for at least 10 min. Turn off the 

sampler. 
7.4.4.9 The sampler can now be prepared for the next sample run day. 

7.5 Procedure for a Volumetric-Flow-Controlled (VFC) Sampler 

The VFC sampler calibration procedure presented in this section relates known flow rates (Qa, as determined 
by an orifice transfer standard) to the ratio of the stagnation pressure to the ambient barometric pressure 
(Pl/Pa). The stagnation pressure (Pl) is the air pressure inside the sampler in the area just under the filter. 
VFC samplers have a stagnation pressure tap or port through which the stagnation pressure can be measured. 
A VFC sampler may also have an exit orifice below the motor similar to those in MFC samplers.  In this 
case, the sampler flow rate can be measured and calibrated using the exit orifice plenum pressure generally 
described in Section 7.4.  However, using the stagnation pressure generally provides a more accurate 
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indication of sampler flow rate.  Additionally, a continuous-flow recorder may be connected to the exit orifice 
pressure tap for nonquantitative determination that the flow rate was constant and uninterrupted over the 
sample period. 

The stagnation pressure should be measured with a 0-1000 mm (0-36") oil, water, or digital manometer. 
Also, each sampler should have its own dedicated manometer, which can be conveniently mounted to the side 
of the sampler housing.  Other types of pressure measurement instruments may be used provided they have 
comparable accuracy. However, the 4" continuous pressure (i.e., flow) recorders often supplied with HV 
samplers are generally not sufficiently accurate and are not recommended for quantitative sampler pressure 
or flow rate measurements. 

The VFC sampler's flow control system is a choke-flow venturi.  This system must be precisely sized for a 
given average annual temperature and pressure because no means is provided for the user to adjust the 
operational flow rate. Therefore, the purchasing agency should notify the manufacturer of the operational 
location of the sampler; differences in temperature and pressure between the shipping address and the 
monitoring site may result in an incorrect operational flow rate.  As with the MFC sampler, both the ambient 
temperature and barometric pressure readings must be determined or estimated during the sampling period 
for the subsequent calculation of total sampler volume in standard volume units. 

For this VFC calibration procedure, the following conditions are assumed: 
•	 The VFC sampler uses a choked-flow venturi to control the actual volumetric flow rate. 
•	 The sampler flow rate is measured by measuring the stagnation pressure ratio, and the sampler is not 

equipped with a continuous flow recorder. 
•	 The sampler inlet is designed to operate at a constant actual volumetric flow rate of 1.13 m3/min. 
•	 The transfer standard for the flow-rate calibration is an orifice device equipped with either a series of 

resistance plates or an integral variable-resistance valve.  The pressure drop across the orifice is 
measured by an associated water or oil manometer. 

•	 The sampler will be calibrated in actual volumetric flow-rate units (Qa), and the orifice transfer 
standard is also calibrated in Qa, as specified in Section 7.3. 

7.5.1 Calibration Equipment. 
7.5.1.1 Orifice transfer standard with proper calibration traceable to NIST (see Section 7.3). 
7.5.1.2 An associated water, oil, or digital manometer, with a 0-400 mm (0-16") range and minimum 

scale divisions of 2 mm (0.1"). 
7.5.1.3 An oil, water, or digital manometer, with a 0-1000 mm (0-36") range and minimum scale 

divisions of 2 mm (0.1") or other pressure measurement device for measurement of the sampler stagnation 
pressure. Ideally, this manometer (or other pressure instrument) should be associated with the sampler. 

[Note: Manometers used for field calibration may be subject to damage or malfunction and should thus be 
checked frequently.] 

7.5.1.4 Thermometer, capable of accurately measuring temperature over the range of 0-50EC (273-323 
K) to the nearest ±1EC and referenced to an NIST or ASTM thermometer within ±2EC at least annually. 

7.5.1.5 A portable, aneroid barometer (e.g., a climber's or engineer's altimeter) capable of accurately 
measuring ambient barometric pressure over the range of 500-800 mm Hg to the nearest mm Hg and 
referenced within ±5 mm Hg to a barometer of known accuracy at least annually. 

7.5.1.6 Calibration data sheets or the station log book and 51 mm (2")-wide duct tape. 
7.5.1.7 A clean filter. 
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7.5.2  Multipoint Flow-Rate Calibration Procedure - VFC Sampler. The procedure presented here is 
basic and intended to be generic, given the assumptions listed in Section 7.5. More detailed calibration 
procedures, variations, or alternative procedures may be presented in the manufacturer's instruction manual. 
The manual should be reviewed carefully and that the various calibration variations or alternative procedures 
be evaluated.  In-house equipment and personnel, procedural simplicity and uniformity, and subsequent data 
applications should be considered in establishing the specific, detailed calibration procedure to be 
implemented. 

[Note: The calibration of some VFC samplers may be affected by changes in line voltage, particularly if the 
line voltage is below normal (normal is about 115 V).  For this reason, VFC samplers should always be 
calibrated at the monitoring site.  Further, if the line voltage at the site is low and likely to fluctuate 
significantly, a line voltage booster or regulator may be advisable.  Also, be sure that replacement blower 
motors are of the correct type.] 

[Note: Do not attempt to calibrate the VFC sampler under windy conditions. Short-term velocity fluctuations 
will produce variable pressure readings by the orifice transfer standard's manometer.  The calibration will 
be less precise because of the pressure variations.] 

7.5.2.1 Set up the calibration system as recommended by the manufacturer.  A typical VFC sampler 
calibration configuration is illustrated in Figure 12.  The VFC sampler manufacturer may specify that the 
sampler be calibrated with a filter installed, which generally precludes calibration flow rates higher than 
normal operating flow rate.  Additional calibration flow rates obtained without a filter may be appropriate, 
as discussed in Section 7.5.2.8. 

7.5.2.2 Install the orifice transfer standard and its adapter faceplate on the sampler.  First inspect all 
gaskets and seals and replace any doubtful ones. 

[Note: Tighten the faceplate nuts evenly on alternate corners to properly align and uniformly seat the gaskets. 
The nuts should be hand-tightened only; too much compression can damage the sealing gasket.] 

7.5.2.3 Select a calibration flow rate and install the appropriate resistance plate (or no plate) or adjust 
the variable resistance valve.  At least four flow rates are required to define the calibration relationship. At 
least three flow rates should be within the acceptable flow-rate range (i.e., 1.02-1.24 m3/min) for the sampler 
inlet. For resistance plate orifices, make sure the orifice and resistance plate gaskets are in place and the 
orifice is not cross-threaded on the faceplate. 

7.5.2.4 Leak check the system by blocking the orifice with a large-diameter rubber stopper, wide duct 
tape, or other suitable means.  Seal the pressure port with a rubber cap or similar device. Turn on the 
sampler.  Gently rock the orifice transfer standard and listen for a whistling sound that would indicate a leak 
in the system. Leaks are usually caused either by a damaged or missing gasket between the orifice transfer 
standard and the faceplate or by crossthreading of the orifice transfer standard on the faceplate.  All leaks 
must be eliminated before proceeding with the calibration.  When the system is determined to be leak-free, 
turn off the sampler and unblock the orifice. 

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked.  This precaution will 
reduce the chance that the motor will be overheated due to the lack of cooling air.  Such overheating can 
shorten the motor's lifetime.  It can raise temperatures to the point of defeating the electrical insulation, which 
could result in fire or electric shock to the user.] 
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7.5.2.5 Inspect the connecting tubing of the manometers for crimps or cracks.  Open the manometer 
valves (if present) and blow gently through the tubing, watching for the free flow of the fluid.  Adjust the 
manometers' sliding scales so that their zero lines are at the bottom of the meniscuses.  Connect the transfer 
standard manometer to the transfer standard and the sampler stagnation pressure manometer (or other 
pressure instrument) to the stagnation pressure port.  Ensure that one side of each manometer is open to 
atmospheric pressure. Make sure the tubing fits snugly on the pressure ports and on the manometers. 

7.5.2.6 Read and record the following parameters on the VFC Sampler Data Sheet.  An example 
calibration data sheet for the VFC sampler is illustrated in Figure 13. 

• Date, location, and operator's signature. 
• Sampler S/N and model. 
• Ambient barometric pressure (Pa), mm Hg. 
• Ambient temperature (Ta), EC and K (K = EC + 273). 
• Orifice S/N and calibration relationship. 

[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be 
expressed in kelvin (K = EC + 273).  Also, all barometric pressures should be expressed in mm Hg. Avoid 
calibrating a HV sampler using one set of units and then performing sampler calculations using another set.] 

7.5.2.7 Turn on the sampler and allow it to warm to operating temperature (3-5 min).  Read and 
record the orifice transfer standard's manometer reading, H2O, and the corresponding sampler relative 
stagnation pressure manometer reading, Pstg, on the data sheet.  (Relative stagnation pressure is a negative 
pressure [i.g., a vacuum] relative to atmospheric pressure as measured by a manometer with one leg open 
to the atmosphere.) Be sure to convert the manometer reading to mm Hg using the following equation before 
recording the reading on the calibration data sheet: 

mm Hg = 25.4 (in. H2O/13.6) 

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield 
(if a shield is not otherwise provided).  Use a block to provide at least 2" of clearance at the bottom of air 
flow and for the manometer tubing).] 

7.5.2.8 Install the other resistance plates or adjust the variable orifice value to obtain each of the other 
calibration flow rates and repeat Section 7.5.2.7 for each. At least four calibration flow rates are required 
with at least three in the acceptable flow-rate range.  Difficulties may be encountered in obtaining flow rates 
in the acceptable range. Even with modified resistance plates (or with no plates) installed, it may be 
impossible to obtain three acceptable flow rates with a filter mounted on the sampler. Lower flow rate 
calibration points may be used by extrapolation into the acceptable range without a filter installed in the 
sampler. If additional calibration points are obtained without a filter, they should be examined carefully to 
make sure they are consistent with the calibration points obtained with a filter (i.e., they fall on a smooth 
curve through all the calibration points). 

7.5.2.9 Plot the calibration data on a sheet of graph paper as specified in Section 7.5.3.5 of the next 
section.  Repeat Section 7.5.2.7 for any data that are questionable on the plot. Running additional calibration 
points at differing flow rates or repeating the calibration points at the same flow rates is encouraged to 
improve the precision of the calibration. 

[Note: The data should be plotted in the field as the calibration is occurring, rather than afterwards back at 
the laboratory.] 
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7.5.2.10 Turn off the sampler and remove the orifice transfer standard. 
7.5.2.11 Install a clean filter on the sampler in the normal sampling mode (use a filter cassette if one 

is normally used). Turn on the sampler and allow it to warm up to operating temperature. 
7.5.2.12 Read the relative stagnation pressure as in Section 7.5.2.7 and record it on the data sheet in 

the row for the operational flow rate. 
7.5.2.13 Perform the calibration calculations presented in the following sections. 

7.5.3 Calibration Calculations. Gather together all the calibration data, including the orifice transfer 
standard's calibration information and the sampler calibration data sheet. 

[Note: These calculations should be done at the time of the calibration, rather than later.  This approach will 
allow additional calibration points to be taken if questions arise about the data that have already been 
obtained.] 

7.5.3.1 Verify that the orifice transfer standard calibration relationship is current and traceable to an 
acceptable primary standard. 

7.5.3.2 Calculate the record Qa(orifice) for each calibration point from the orifice calibration 
information and the equation. 

Qa(orifice) - {[) H2O(Ta/Pa)]½ - b} {l/m} 
where: 

Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m3/min. 
) H2O = pressure drop across the orifice, in. H2O. 

Ta = ambient temperature during use, K (K = EC + 273). 
Pa = ambient barometric pressure during use, mm Hg. 
b = intercept of the orifice transfer standard's calibration relationship. 
m = slope of the orifice transfer standard's calibration relationship. 

7.5.3.3 Calculate and record the value of the absolute stagnation pressure ratio, [Pl], for each 
calibration point: 

[Pl] = Pa - ) Pstg 
where: 

[Pl] = absolute stagnation pressure, mm Hg. 
Pa = ambient barometric pressure, mm Hg. 

) Pstg = relative stagnation pressure, mm Hg. 

7.5.3.4 Calculate and record the stagnation pressure ratio: 

Stagnation pressure ratio = Pl/Pa 

7.5.3.5 On a sheet of graph paper, plot the calculated orifice transfer standard's flow rates, 
Qa(orifice), on the x-axis vs. the corresponding stagnation pressure ratios, Pl/Pa, on the y-axis.  Draw a 
smooth curve through the plotted data.  If necessary, extrapolate the curve to include the acceptable flow-rate 
range. 

7.5.3.6 If the sampler manufacturer has provided a factory calibration table (i.e., the lookup table) 
for the sampler, compare Qa(orifice) for several points on the calibration plot with Qa(sampler) determined 
from the factory calibration.  Calculate the percentage difference between Qa(orifice) and Qa(sampler) using 
the following equation. 
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Qa(sampler) & Qa(orifice) % Difference ’ ’ [100] 
Qa(orifice) 

If the agreement is within a few (i.e., 2 or 4) percent, the factory calibration is validated and may be used 
for subsequent sample periods. Proceed to Section 7.5.5. 

7.5.3.7 If the agreement is not within a few percentage points, recheck the accuracy of the orifice 
transfer standard and recheck the calibration procedure.  Look for leaks, manometer reading errors, incorrect 
temperature or pressure data, or miscalculations.  Also check for abnormally low line voltage at the site (it 
should be at least 110 V ac), for the correct blower motor, and for the presence of a gasket between the motor 
and the choked-flow venturi.  A factory calibration is not likely to be substantially incorrect, and any 
discrepancy of more than a few percent is probably due to some problem with the sampler or with the 
calibration procedure. However, if no errors or problems with the sampler or with the calibration can be 
found, or if no factory calibration is provided by the manufacturer, proceed as described in Section 7.5.4. 

7.5.4 Generation of Calibration Relationship - VFC Sampler. 
7.5.4.1 For each calibration point, calculate and record the quantity, 

[Pl/Pa)Ta]1/2 

where: 

Pl/Pa = stagnation pressure ratio from the equation in Section 7.5.3.
 
Ta = ambient temperature during sampler calibration, K (K = EC + 273).
 

7.5.4.2 For the general linear regression model, y = mx + b, let y = [(Pl/Pa)Ta]1/2 and let 
x = Qa(orifice), such that the model is given by: 

[(Pl/Pa)Ta]1/2 = m[Qa(orifice)] + b 

Calculate the linear regression slope (m), intercept (b), and correlation coefficient (r). 

[Note: Inspect the plotted calibration curve to determine whether any of the calibration points that are 
substantially outside of the acceptable flow-rate range need to be eliminated so that they do not result in an 
inappropriate linear regression line.] 

7.5.4.3 For subsequent sample periods, the sampler's average actual operating flow rate, Qa, is 
calculated from the calibration slope and intercept using the following equation. 

Qa(sampler) = {[P1/Pav)Tav]1/2 - b} {l/m} 
where: 

Qa(sampler) = the sampler's average actual flow rate, m3/min. 

P1/Pav = average stagnation pressure ratio for the sampling period. 
Tav = average ambient temperature for the sampling period, K (K = EC + 273). 

b = intercept of the sampler calibration relationship. 
m = slope of the sampler calibration relationship. 
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[Note: The average value for Pl should be calculated from stagnation pressure measurements taken before 
and after the sampling period. Pav should be estimated from barometric pressure for the sampling period. 
See also Section 9.4 for additional information.] 

7.5.4.4 If a calibration (Lookup) table is desired, evaluate the above equation for various appropriate 
values of Pl/Pa and Ta and list the corresponding values of Qa(sampler) in tabular form. 

7.5.5  Single-Point Operational Flowrate Ventilation. This procedure compares the VFC sampler's 
normal operating flow rate to the design flow rate of the inlet (e.g., 1.13 m3/min). 

7.5.5.1 Determine the value of Pl/Pa for the operational flow rate obtained with only the filter cassette 
installed (see Section 7.5.2.11 and Section 7.5.2.12). 

7.5.5.2 Determine the new sampler flow rate, Qa(sampler) from the lookup table that corresponds to 
this value of Pl/Pa. Use the manufacturer's calibration table if it has been validated in 7.5.3.6; otherwise, 
use the equation in Section 7.5.4.3. 

7.5.5.3 Compare Qa(sampler) with the inlet design flow rate (e.g., 1.13 m3/min) using the following 
equation: 

Qa(sampler) & 1.13 Design flow rate% difference ’ × 100 
1.13 

This design flow rate percentage difference must be less than the allowable flow rate tolerance (i.e., ±10, 
if not otherwise specified by the manufacturer).  However, this value should be well within ±7 to allow for 
some variation with ambient temperature.  If this value is not within ±7, recheck the calibration procedure 
and data for errors.  Check the sampler for leaks, bad motor brushes, missing gaskets, incorrect motor type, 
or abnormally low line voltage. Because the VFC flow rate is not adjustable, the VFC manufacturer must 
be consulted to resolve cases of substantially incorrect VFC flow rates. 

7.6 Sampler Calibration Frequency 

To ensure accurate measurement calibrate HV samplers upon installation and recalibrate as follows: 
7.6.1 At least quarterly or annually (see 40 CFR 58, Appendix A for a description of the quality 

assurance requirements); 
7.6.2 After any repairs that might affect sampler calibration (e.g., replacing the motor); 
7.6.3 After relocation of the sampler to a different site; 
7.6.4 If the results of a field flow-check exceed quality control limits (e.g., greater than ±7% from the 

sampler's indicated flow rate); or 
7.6.5 Whenever a field flow-check or performance audit indicates that the sampler is out (or nearly out) 

of the acceptable flow-rate range. 

[Note: Multipoint flow-rate calibrations should be distinguished from single-point, quality control flow checks 
(see Section 13).  The latter are done more frequently than calibrations and are intended to check if the 
sampler flow rate, Qa(sampler), or the calibration relationship has changed significantly since the last 
calibration.] 

8. Filters 

8.1 Pre-weighing of Filters 
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8.1.1 Filters ready for field use have been pre-weighed in the laboratory, under prescribed climate control 
conditions of temperature and relative humidity, using Inorganic Compendium Method IO-3.1, Selection, 
Extraction and Preparation of Filter Material. 

8.1.2 Within Method IO-3.1, the user is provided guidance on proper selection of filter material in order 
to meet project specific data quality objectives (DQOs), how to visually inspect a new lot of filters for 
consistency and identification of defects, and initial weighing of the filters so a net concentration of particulate 
matter can be calculated after sampling. 

8.1.3 The user should follow the procedures outlined within Method IO-3.1 as part of meeting the 
program’s standard operating procedures (SOPs) and quality control (QC) requirements. 

8.2 Filter Handling 

8.2.1 Filter material may be brittle and subject to shearing and breakage.  Laboratory and field personnel 
must be aware of these characteristics and handle sample filters with care. 

8.2.2 For convenience, filters can be packed in groups of 50 or less in their original containers or in a 
box of comparable size.  The filters should be separated by a sheet of 8 ½ x 11" tracing paper. Filter 
inventory can be controlled by stacking the filters in numerical order so that the operator will use the proper 
filter first.  One side of the shipping box can be cut away to allow the operator to remove the filter easily 
without damaging the corners. 

8.2.3 A filter identification number must be assigned to each filter.  Because of difficulty in seeing the 
"up" side (i.e., the side with the slightly rougher texture) of the filter, consistency in labeling these filters will 
allow the operator easy access to the filter ID number for documentation and cross-referencing laboratory 
data forms.  This consistency will also eliminate confusion in loading the filter cassettes for subsequent 
sampling.  If the filter ID number is embossed by the operating agency, gentle pressure must be used to avoid 
filter damage, and extreme care must be taken to avoid duplication or missed numbers. 

8.2.4 If samples are to be mailed, the field operator should be supplied with reinforced envelopes and 
manila folders for protection of the exposed filters during their return to the analytical laboratory.  These 
manila folders may be printed to serve as sample data sheets. 

8.3 Visual Filter Inspection 

All filters must be visually inspected for defects, and defective filters must be rejected if any are found.
 
Batches of filters containing numerous defects should be returned to the supplier.
 
The following are specific defects to look for:
 

•	 Pinhole - a small hole appearing as a distinct and obvious bright point of light when examined over 
a light table or screen, or as a dark spot when viewed over a black surface. 

•	 Loose material - any extra loose material or dirt particles on the filter that must be brushed off before 
the filter is weighed. 

•	 Discoloration - any obvious visible discoloration that might be evidence of a contaminant. 
•	 Filter nonuniformity - any obvious visible nonuniformity in the appearance of the filter when viewed 

over a light table or black surface that might indicate gradations in porosity across the face of the filter. 
•	 Other - a filter with any imperfection not described above, such as irregular surfaces or other results 

of poor workmanship. 
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[Note:  This section describes routine operation of a monitoring site using an HV sampler and covers an array 
of topics, ranging from initial site selection to final data documentation.  The procedures herein are intended 
to serve as guidelines for developing a monitoring program that will accurately reflect trends in local or 
regional air quality.  The effectiveness of the monitoring program depends on responsible day-to-day 
operation of the monitoring site. The operators who conduct sampling activities offer a unique perspective 
on the sampler's performance, and their awareness and attention to detail will salvage data that may 
otherwise be lost. Note, however, that "routine" does not mean "unimportant." The site operator provides 
cohesiveness in a sampling program.] 

9.1 Summary 

9.1.1 The PM10 sampler can be used in a number of ways. Procedure variations may include the kind of 
filter medium, the surface area of the filter, prescreening to exclude particles up to a given size, and the 
manner of placing and exposing the filter during the test.  The procedure most commonly used will be 
described here. 

9.1.2 Calibrate the sampler as described in the Section 7.  Do not make any change or adjustment on the 
sampler flow indicator after calibrating. Remove the calibrating orifice. The filters may be packed into a 
box with sheets of glassine between the filters, or they may be individually packed in self-sealing plastic bags 
for transportation to the field. 

9.1.3 Mount the filter sheet in the filter holder taking care not to lose any of the fiber.  Clamp it in place 
by means provided.  Seal into place easier by facing the smooth side into the housing if there is a difference 
in texture.  If the filter holder is separate from the sampler, mount the holder on the intake port, making sure 
that the coupling gasket is in place and that it is tight. 

9.1.4 Place the sampler in the position and location called for in the test, which is with the filter face up, 
in a horizontal plane, and inside a housing.  The dimensions and clearances specified are intended to provide 
uniformity in sampling practice. 

9.1.5 Start the sampler motor and record the time and date.  Read the flow-rate indicator and record this 
reading and the corresponding flow rate as read from the calibration curve.  Note also the temperature and 
barometric pressure.  An electric clock should be connected to the same line as the motor so as to detect any 
loss of test time due to power interruption.  A continuous record of the sampling flow rate and sampling time 
can be obtained by the use of a continuous pressure (or flow rate) recorder. 

9.1.6 Allow the sample to run for the specified length of time, which is commonly 24 h, ±1 h.  During 
this period several readings of flow rate, temperatures, barometric pressure, and time should be taken if this 
is feasible.  A final set of reading is taken at the end of the test period. If only initial and final readings are 
made, assume that change of readings is linear over the period of test.  Intermediate readings will improve 
the accuracy of volume measurement. 

9.1.7 At the end of the sampling period, record all final readings.  Remove the filter from the mount very 
carefully so as not to lose any of the fiber material or collected particulate matter.  Fold the filter in half upon 
itself with the collected material enclosed within. Place the folded filter in a clean tight envelope and mark 
it for identification.  In some applications it may be desirable to place the used filter in a tight metal container 
to prevent any loss or damage to the filter. 

9.1.8 In the laboratory remove the filter from its container.  Tap the container and knock any loose fiber 
or particulate matter onto the inside surface of the folded filter.  Examine the inside surface and, with a pair 
of tweezers, remove any accidental objects such as insects. 
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9.2 Siting Requirements 

9.2.1 As with any type of air monitoring study in which sample data are used to draw conclusions about 
a general population, the validity of the conclusions depends on the representativeness of the sample data. 
Therefore, the primary goal of a monitoring project is to select a site or sites where the collected particulate 
mass is representative of the monitored area. 

9.2.2 Basic siting criteria for the placement of high-volume sampler (either TSP or PM10) are documented 
in Table 3.  This list is not a complete listing of siting requirements; instead, an outline to be used by the 
operating agency to determine a sampler's optimum location.  Complete siting criteria are presented in 
40 CFR 58, Appendix E. 

9.2.3 Additional factors not specified in the Code of Federal Regulations (CFR) must be considered in 
determining where the sampler will be deployed.  These factors include accessibility under all weather 
conditions, availability of adequate electricity, and security of the monitoring personnel and equipment.  The 
sampler must be situated where the operator can reach it safely despite adverse weather conditions.  If the 
sampler is located on a rooftop, care should be taken that the operator's personal safety is not jeopardized 
by a slippery roof surface during inclement weather.  Consideration also should be given to the fact that 
routine operation (i.e., calibrations, filter installation and recovery, flow checks, and audits) involves 
transporting supplies and equipment to and from the monitoring site. 

9.2.4 To ensure that adequate power is available, consult the manufacturer's instruction manual for the 
sampler's minimum voltage and power requirements. Lack of a stable power source can result in the loss 
of many samples because of power interruptions. 

9.2.5 The security of the sampler itself depends mostly on its location.  Rooftop sites with locked access 
and ground-level sites with fences are common.  In all cases, the security of the operating personnel as well 
as the sampler should be considered. 

9.3 Sampler Installation Procedures 

9.3.1 On receipt of a high-volume sampler (TSP or PM10) from the manufacturer, visually inspect it and 
account for all components.  Compare the equipment delivered with the enclosed packing slip. Notify the 
manufacturer immediately of any missing or damaged equipment. 

9.3.2 Perform a laboratory check to determine if the sampler is operational.  Turn on the sampler and 
observe the vacuum motor performance and shift the recorder response (if so equipped). 

9.3.3 Carefully transport the sampler to the field site.  If possible, install the sampler in the center of the 
site platform.  This practice will ensure easy access to the sampler's inlet during maintenance procedures and 
will reduce inlet damage if the sampler should topple over. 

9.3.4 Following manufacturer's instructions, carefully assemble the base and inlet of the sampler.  The 
sampler must be bolted down to a secure mounting surface. 

9.3.5 Check all tubing and power cords for crimps, cracks, or breaks. 
9.3.6 Plug the power cord into a line voltage outlet.  If possible, this outlet should be protected by a 

ground fault interrupter (GFI) for the operator's safety.  The use of waterproof interlocking electrical 
connectors is also recommended to ensure operator safety and to avoid shorts or power interruptions.  Do 
not allow any electrical connections to be submerged during periods of inclement weather. 

9.3.7 Turn on the sampler and make sure that it is still working properly.  Investigate and correct any 
malfunctions before proceeding.  Operate the sampler for approximately 30 min to ensure that the motor 
brushes are properly seated and that the motor is operating at full performance. 

9.3.8 Perform a multipoint flow-rate calibration, as described in Section 7. 

9.4 Sampling Operations 
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9.4.1 General. 
9.4.1.1 Operational procedures will vary according to the sampler model and options (e.g., the types 

of flow-rate controller and timer) selected for use in the monitoring program.  Consult the instrument manual 
before putting the sampler into operation.  Significant differences exist in the field operation of the two types 
of flow-controlling systems and, hence, in the determination of operational flow rates.  The following 
assumptions are made in this section: 

• The flow rate through a sampler that is equipped with a mass-flow controller is indicated by the exit 
orifice plenum pressure. This pressure is measured with a manometer (or a flow recorder). 

• The flow rate through a sampler that is equipped with a volumetric-flow controller is indicated by 
the stagnation pressure. This pressure is measured with a manometer. 

• The sampler has been calibrated according to procedure presented in Section 7. 
9.4.1.2 The sampler has been calibrated according to procedures presented in Section 7. 
9.4.1.3 The average actual flow rate for MFC samplers is calculated by determining the following: 
• The average of the initial and final manometer readings of the exit orifice plenum pressure (or the 

average flow recorder reading). 
• The average ambient temperature (Tav). 
• The average ambient barometric pressure (Pav) during the sampling period. 

These values are then applied to the sampler's calibration relationship.  The 4" pressure flow recorders often 
supplied with HV samplers generally are not sufficiently accurate and are not recommended for quantitative 
sampler pressure or flow rate measurements.  These flow recorders should be used only for nonquantitative 
determination that the flow was approximately constant and uninterrupted over the sampling period.  The 
flow recorder may be connected in parallel with the manometer or other pressure measuring device using a 
tee or "Y" tubing connector. 

[Note: Because flow recorders are still widely used for quantitative flow rate measurements, the procedures 
in this section include specific instructions for the use of a flow recorder. These flow recorder instructions 
are enclosed in brackets.] 

9.4.1.4 The average actual flow rate for VFC samplers is calculated by determining the following: 
• The average of the initial and final relative stagnation pressures (Pstg). 
• The average ambient temperature (Tav). 
• The average barometric pressure (Pav) during the sampling period and then by applying these values 

to the calibration relationship. 

[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be 
expressed in kelvin (K = EC + 273). Also, all barometric pressures should be expressed in either mm Hg 
or kPa (but don't mix the two units).  Avoid calibrating a PM10 sampler using one set of units and then 
performing sample calculations using another set.] 

9.4.2 Presampling Filter Preparation Procedures. 
9.4.2.1 Most high-volume samplers (TSP or PM10) have been designed to accept filter cassettes. 

Loading these cassettes in the laboratory will minimize damage; however, if extreme care is exercised, they 
can be loaded at the site when ambient conditions permit. Wear protective gloves when handling filters to 
avoid contaminating the filters with body oils and moisture.  Keep the filters in protective folders or boxes. 
Never bend or fold unexposed filters.  The analytical laboratory (and/or filter manufacturer) will give each 
filter an ID number.  Because it is extremely difficult to see the "up" side of a quartz filter (i.e., the side with 
the slightly rougher texture), the filters should be consistently labeled on one side.  When a filter that has 
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been labeled on its "down" side is folded for transport to the laboratory, its sample number will be readily 
accessible for documentation on laboratory log sheets upon arrival at the laboratory. 

9.4.2.2 Following the manufacturer's instructions, carefully load the pre-weighted filter in the filter 
cassette.  The filter should be centered on the wire screen so that the gasket will form an airtight seal on the 
outer edge of the filter when the faceplate is in place.  Poorly aligned filters show uneven white borders after 
exposure.  Care should be taken to ensure that the filter cassette is not excessively tightened, as the filer may 
stick or the gasket may be permanently damaged.  Check that the gasket is in good condition and has not 
deteriorated. 

9.4.3 Sampling Procedures--MFC Sampler. 
9.4.3.1 Filter Installation Procedure. 
9.4.3.1.1  Following the manufacturer's instructions, loosen the nuts that secure the inlet to the base 

and gently tilt back the inlet to allow access to the filter support screen. 
9.4.3.1.2  Examine the filter support screen. If the screen appears dirty, wipe it clean.  If the filter 

cassette is equipped with a protective cover, remove it and place the loaded cassette in position on the sampler 
support screen. Tighten the thumb nuts to hold the filter cassette securely.  Check that the gasket is in good 
condition and has not deteriorated. 

Caution: Tighten the thumb nuts evenly on alternate corners to properly align and seat the gasket.  The nuts 
should be only hand-tightened because too much compression can damage the sealing gasket. 

9.4.3.1.3  If an inlet is being used, lower the sample inlet.  Inspect the sample inlet to make sure that 
it is resting on the filter cassette and not on the sampler's frame.  Secure the sample inlet to the sampler base. 

9.4.3.1.4  Open the front door of the sample and examine the flow recorder.  Remove any moisture 
inside by wiping it with a clean cloth.  Record the sampler S/N, filter ID number, site location, and sampling 
data on the back of a clean chart and install the chart in the flow recorder. 

[Note: Charts used for PM10 samplers normally have square-root-function scales; however, linear-function 
scales may be used.  If charts with linear-function scales are used, Equations in Section 7.4.3.3 and 
Section 7.4.3.5 will have to be modified from their current form by replacing I with (I)½] 

[Note: While installing the chart, do not bend the pen arm beyond its limits of travel.  Raise the pen head by 
pushing on the very top of the pen air (or by using the pen lift).  Be sure that the chart tab is centered on the 
slotted drive to ensure full 360E rotation in 24 h. Make sure that the chart edges are properly located beneath 
the retainers. Lower the pen arm and tap the recorder face lightly to make certain that the pen is free.] 

[Note: During periods of inclement weather, the chart tends to stick to the recorder face.  Two charts can be 
installed simultaneously to enable the sample (top, annotated) chart to rotate freely.] 

9.4.3.1.5  Using a coin or slotted screwdriver, advance the chart and check to see that the pen rests 
on zero--the smallest circle diameter.  If necessary, adjust the zero set screw while gently tapping on the side 
of the flow recorder. If a chart with a linear function scale is used, some positive zero offset may be 
desirable to allow for normal variation in the zero readings. 

9.4.3.1.6  Turn on the sampler and allow it to equilibrate to operating temperature (3-5 min). 
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9.4.3.1.7  While the sampler is equilibrating, record the following parameters on the MFC Sampler 
Field Data Sheet (see Figure 14): 

• Site Location. 
• Sample date. 
• Filter ID number. 
• Sampler model and S/N. 
• Operator's initials. 

9.4.3.1.8  Inspect the manometer for crimps or cracks in its connecting tubing.  Open the valves and 
blow gently through the tubing of the manometer while watching for the free flow of the fluid.  Adjust the 
manometer's sliding scale so that its zero line is at the bottom of the meniscuses. 

9.4.3.1.9  Measure the initial exit orifice plenum pressure (Pex) using an oil or water manometer, with 
a 0-200-mm (0-8") range and a minimum scale division of 1 mm (0.1").  Record the initial Pex on the MFC 
Sampler Field Data Sheet. If Pex is substantially different than for previous samples or otherwise appears 
abnormal, carry out a Quality Control (QC) flow check as described in Section 13.1. 

9.4.3.1.10  Verify that the flow recorder (if used) is operational and that the pen is inking. Note the 
flow recorder reading.  If it is substantially different than for previous samples or otherwise appears 
abnormal, carry out a QC flow-check as described in Section 13.1. 

9.4.3.1.11  Turn the sampler off. 
9.4.3.1.12  Check the time indicated by the time-set pointer on the flow recorder.  If it is in error, 

rotate the chart clockwise by inserting a screwdriver or coin in the slotted drive in the center of the chart face 
until the correct time is indicated. 

9.4.3.1.13  Reset the elapsed time meter to 0000 min and the sampler timer for the next run day. 
Close the sampler door, taking care not to crimp the vacuum tubing or any power cords.  The sampler is now 
ready to sample ambient air. 

9.4.3.2 Filter Recovery Procedure. As soon as possible after sampling, the operator should return 
to the monitoring site to retrieve the exposed filter. Particle loss or filter damage will result if the filter is 
left in the sampler for extended periods. 

9.4.3.2.1  Turn on the sampler and allow it to equilibrate to operating temperature (3-5 min). 
9.4.3.2.2  Measure the final Pex and record it on the MFC Sampler Field Data Sheet. 
9.4.3.2.3  Turn off the sampler. 
9.4.3.2.4  Open the door of the sampler, remove the flow recorder chart, and examine the recorder 

trace.  If the trace indicates extensive flow fluctuations, investigate and correct before the next sampling day. 
9.4.3.2.5  Record the following parameters on the MFC Sampler Field Data Sheet: 
• Elapsed time of the sampling period, min. 
• Average recorder response, arbitrary units. 
• Average ambient temperature for the run day (Tav), K (K = EC + 273). 
• Average ambient barometric pressure for the run day (Pav), mm Hg or kPa. 

[Note: Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S. 
National Weather Service Forecast Office or airport weather station.  Barometric pressure readings obtained 
from remote sources must be at station pressure (not corrected to sea level), and they may have to be 
corrected for differences between the evaluation are not available, seasonal average temperature (Ts) and 
barometric pressure (Ps) may be substituted for Tav and Pav, respectively.  Care must be taken, however, 
that the actual conditions at the site can be reasonably represented by such averages. Therefore, seasonal 
values may represent actual values within 20EC and 40 mm Hg.] 
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The calculations presented in this section assume that the sampler has been calibrated in terms of actual 
temperature and barometric pressure and that the substitution of seasonal values is used only to determine 
the sampler's operational flow rate during a sample period.  Although additional calculations to convert the 
sampler's calibration curve to seasonal can be made, the error represented by this method is negligible. 

9.4.3.2.6  Calculate and record the average actual flow rate (as determined by the sampler's calibration 
relationship) on the MFC Sampler Field Data Sheet and on the back of the chart.  Attach the chart to the data 
sheet. 

Qa = {[) Pex(Tav + 30)/Pa]1/2 - b} {l/m} 

or for the flow recorder,

Qa  = {[ (Tav + 30)/Pa]1/2 - b} {1/m}I 

where:
Qa = average sampler flow rate, actual m3/min. 

Pex = average exit orifice plenum pressure, mm Hg. 
I = average flow recorder response, arbitrary units. 

Tav = average ambient temperature for the run day, K. 
Pav = average ambient pressure for the run day, mm Hg. 

b = intercept of the MFC sampler calibration relationship. 
m = slope of the MFC sampler calibration relationship. 

[Note: If charts with linear-function scales are used, substitute (I)½ for I.] 

9.4.3.2.7  Observe conditions around the monitoring site; note any activities that may affect filter 
particle loading (e.g., paving, mowing, fire) and record this information on the MFC Sampler Field Data 
Sheet. 

9.4.3.2.8  Raise the sampler inlet and remove the filter cassette. Replace the cassette protective cover 
(if so equipped). To avoid particle loss, be careful to keep the cassette as level as possible. 

9.4.3.2.9  The sampler may now be readied for the next run day. 
9.4.3.2.10  Keeping the filter cassette level, carefully transport it, the data sheet, and the flow recorder 

chart to the laboratory sample custodian. 
9.4.4 Sampling Procedures--VFC Sampler. 

9.4.4.1 Filter Installation Procedure. 
9.4.4.1.1  Following the manufacturer's instructions, loosen the nuts that secure the inlet to the base 

and gently tilt back the inlet to allow access to the filter support screen. 
9.4.4.1.2  Examine the filter support screen. If the screen appears dirty, wipe it clean. If the filter 

cassette is equipped with a protective cover, remove it and place the loaded cassette in position on the sampler 
support screen.  Tighten the thumb nuts sufficiently to hold the filter cassette securely. Check that the gasket 
is in good condition and has not deteriorated. 

Caution: Tighten the thumb nuts evenly on alternate corners to properly align and seat the gasket.  The nuts 
should be only hand-tightened because too much compression can damage the sealing gasket. 

9.4.4.1.3  If an inlet is used, lower the sample inlet and secure it to the sampler base. For impaction 
inlets, inspect the sample inlet to make sure that it is resting on the filter cassette and not on the sampler's 
frame. Secure the sampler inlet to the sampler base. 
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9.4.4.1.4  Record the following parameters on the VFC Sampler Field Data Sheet (see Figure 15): 
• Site location. 
• Sample date. 
• Filter ID number. 
• Sampler model and S/N. 
• Operator's initials. 
9.4.4.1.5  Turn on the sampler and allow it to reach a stable operating temperature (3-5 min). 
9.4.4.1.6  Bring an oil or water manometer to the side of the sampler.  This manometer should have 

a range of 0-400 mm (0-16") and a minimum scale division of 1 mm (0.1"). 

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the 
reading on the VFC Sampler Field Data Sheet.] 

mm Hg = (25.4) (in. H2O/13.6) 

Inspect the manometer for crimps or cracks in its connecting tubing. Open the valves and blow gently
 
through the tubing of the manometer, while watching for the free flow of the fluid.
 
Adjust the manometer's sliding scale so that its zero line is at the bottom of the meniscuses. 


9.4.4.1.7  Remove the vacuum cap from the stagnation pressure port located on the side of the sampler 
base.  Using the connecting tubing, attach one side of the manometer to the port. Leave the other side of the 
manometer open to atmospheric pressure. Make sure the tubing snugly fits the port and the manometer. 

9.4.4.1.8  Measure the initial relative stagnation pressure () Pstg) and record this reading on the VFC 
Sampler Field Data Sheet. 

9.4.4.1.9  Turn off the sampler, disconnect the manometer, and replace the vacuum cap on the 
stagnation pressure port. 

9.4.4.1.10  Reset the elapsed-time meter to 0000 min and the sampler timer for the next run day. The 
sampler is now ready to sample ambient air. 

9.4.4.2 Filter Recovery Procedure.  As soon as possible after sampling, the operator should return 
to the monitoring site to retrieve the exposed filter. Particle loss or filter damage will result if the filter is 
left in the sampler for extended periods. 

9.4.4.2.1  Turn on the sampler and allow it to warm up to operating temperature (3-5 min). 
9.4.4.2.2  While the sampler is equilibrating, record the following parameters on the VFC Sampler 

Field Data Sheet: 
• Elapsed time of the sampling period, min. 
• Average ambient temperature for the run day (Tav), EC and K. 
• Average ambient barometric pressure for the run day (Pav), mm Hg. 

[Note: Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S. 
National Weather Service Forecast Office, National Weather Service (NWS) station, or an airport weather 
station.  Barometric pressure readings obtained from remote sources must be at station pressure (not 
corrected to sea level), and they may have to be corrected for differences between the elevation of the 
monitoring site and that of the airport.  If Tav and Pav readings are not available, seasonal average 
temperature (Ts) and barometric pressure (Ps) can be substituted.  Care must be taken, however, that the 
actual conditions at the site can be reasonably represented by such averages.  Therefore, seasonal values may 
represent actual values within 20EC and 40 mm Hg.] 
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9.4.4.2.3  Inspect the manometer for crimps or cracks in its connecting tubing. Open the valves and 
blow gently through the tubing of the manometer, while watching for the free flow of the fluid. Adjust the 
manometer sliding scale so that its zero line is at the bottom of the meniscuses. 

9.4.4.2.4  Remove the vacuum cap from the stagnation pressure port located on the side of the sampler 
base.  Using the connecting tubing, attached one side of the manometer to the port. Make sure that the tubing 
snugly fits the port and the manometer. Leave the other side open to atmospheric pressure. 

9.4.4.2.5  Record the final Pstg on the VFC Sampler Field Data Sheet.  Turn off the sampler and 
replace the vacuum cap. 

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the 
reading on the Sampler Field Data Sheet.] 

mm Hg = 25.4 (in. H2O/13.6) 

9.4.4.2.6  Calculate the average relative stagnation pressure ( )Pstg) and record it on the data sheet. 
9.4.4.2.7  Calculate the average absolute stagnation pressure ( P1) for the sample run day and record 

it on the data sheet. 
P1 = Pav - )Pstg 

where:

P1 = average absolute stagnation pressure, mm Hg.
 
Pav = average ambient barometric pressure for the run day (not the retrieval day), mm Hg.


)Pstg = average stagnation pressure drop, mm Hg.
 

9.4.4.2.8  Calculate and record the average stagnation pressure ratio: 

Average stagnation pressure ratio = P1/Pav 
where: 

Pl = average absolute stagnation pressure, mm Hg. 

Pav = average ambient barometric pressure on the sample run day, mm Hg.
 

9.4.4.2.9  Using the manufacturer's lookup table (or an alternate calibration relationship as described 
in Section 7.5.4), locate the column and row corresponding to P1/Pav and the Tav value for the sample run 
day. Read and record the indicated Qa value. 

9.4.4.2.10  Observe conditions around the monitoring site; note any activities that may affect filter 
particle loading (paving, mowing, fire) and record this information on the VFC Sampler Field Data Sheet. 

9.4.4.2.11  Raise the sampler inlet and remove the filter cassette. Replace the cassette protective cover 
(if so equipped). To avoid particle loss, be careful to keep the cassette as level as possible. 

9.4.4.2.12  The sampler may now be readied for the next sampling period. 
9.4.4.2.13  Keeping the filter cassette level, carefully transport it and the Sampler Field Data Sheet 

to the laboratory sample custodian. 
9.4.5 Post-Sampling Filter Handling Procedures. If a sample will not be analyzed immediately, the 

sample custodian should store the filter within a protective covering.  Because filter cassettes often prove too 
expensive and unwieldy for storage purposes, the use of a manila folder and a protective envelope of 
comparable size to that of the filter is recommended.  Laboratory personnel should adhere to the following 
procedure: 
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9.4.5.1 Following the manufacturer's instructions, remove the top frame of the filter cassette. 
9.4.5.2 Conduct a secondary check of a sample's validity as presented in "Laboratory Validation 

Criteria" (see Section 9.5). 
9.4.5.3 Carefully slip a manila folder underneath the edge of the exposed filter.  The filter may stick 

in the cassette because of overcompression of the filter cassette gasket.  Be extremely careful to avoid damage 
to the brittle quartz filter. 

9.4.5.4 Center the filter on the folder. If the filter must be touched, do not touch or jar the deposit. 
Fold the manila folder lengthwise at the middle with the exposed side of the filter in.  If the collected sample 
is not centered on the filter (i.e., the unexposed border is not uniform around the filter), fold it so that only 
deposit touches deposit.  Do not crease the folder--the sample filter may tear.  If the filter shears or breaks, 
ensure that all pieces of the filter are included within the folder. 

9.4.5.5 Insert the folder into the protective envelope. 
9.4.5.6 Deliver the filter in its protective folder and envelope, accompanied by the completed data 

sheet, to the analytical laboratory. 

9.5 Sample Validation and Documentation 

9.5.1  Field Validation Criteria.  After each sampling period, calculate the percentage difference between 
Qa and the design flow rate (1.13 m3/min) using the following formula: 

’	 100 Qa & 1.13 % Difference 
1.13 

Record this value on a control chart for the field validation of the sampler's actual volumetric flow rate as 
is shown in Figure 16. 

•	 Decreases in flow rate during sampling (due to mechanical problems) of more than 10% from the 
initial set point result in sample invalidation. Recalibrate the sampler. A sample flow rate may also 
fluctuate due to heavy filter loading.  If a high concentration is suspected, the operator should indicate 
this on the field data sheet. The laboratory supervisor will make the final decision regarding the 
sample's validity. 

•	 Changes in flow-rate calibration of more than 10%, as determined by a field QC flow-rate check (see 
Section 13), will invalidate all samples collected back to the last calibration or valid flow check. 
Recalibrate the sample. 

9.5.2 Laboratory Validation Criteria. 
9.5.2.1 Upon receiving the filter from the field, check the filter for signs of air leakage by observing 

the border around the filter.  If the border is clear, then the gasket on the sampler is still usuable. However, 
if particulate matter is on the border, then air leakage has occurred and the gasket on the sampler should be 
changed.  Leakage may result from a worn or improperly installed faceplate gasket. A gasket generally 
deteriorates slowly.  The sample custodian should be able to decide well in advance (by the increased 
fuzziness of the sample outline) when to change the gasket before total gasket failure results.  If signs of 
leakage are observed, void the sample, determine the cause, and instruct the operator to take corrective 
actions before starting another sampling period. 

9.5.2.2 Check the exposed filter for physical damage that may have occurred during or after sampling. 
Physical damage after sampling would not invalidate the sample if all pieces of the filter were put in the 
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folder; however, complete losses of loose particulate after sampling (e.g., loss when folding the filter) would 
void the sample. Mark such samples as "void" on the HV data sheet. 

9.5.2.3 Check the appearance of the particles.  Any changes from normal color may indicate new 
emission sources or construction activity in the area. Note any change on the data sheet. 

9.5.2.4 The filters should be weighed according to the procedures described in Inorganic Compendium 
Method IO-3.1, Section 5, Gravimetric Analysis. 

9.5.3  Data Documentation.  Recordkeeping is a critical part of the QA program. Careful documentation 
of sampling data will salvage samples that may otherwise be lost.  The sheer repetition of recording data may 
result in errors; however, this cross-referencing between data sheets, log books, and (for those samplers so 
equipped) the continuous-flowrecorder charts will allow the operator to pinpoint discrepancies that may result 
in a sample's invalidation. 

[Note: The use of log books at monitoring sites is highly encouraged.] 

9.5.3.1 Presampling Documentation and Inspection.  The following information should be recorded 
on the Sampler Field Data Sheet (SFDS), sampler recorder chart (RC), flow-rate control chart (CC), and in 
the site log book (LB): 

• Site Location. 
• Sample Date. 
• Filter ID number. 
• Sample model and S/N. 
• Operator's initials. 

9.5.3.2 Post-Sampling Documentation and Inspection. Upon receipt of exposed filters from the 
field, the sample custodian should adhere to the following procedures. 

9.5.3.2.1  Examine the field data sheet. Determine whether all data needed to verify sample validity 
and to calculate mass concentration are provided (e.g., average flow rate, ambient temperature, barometric 
pressure, and elapsed time). Void the sample if data are missing or unobtainable from a field operator or if 
a sampler malfunction is evident. 

9.5.3.2.2  If the exposed filter was packaged for shipment, remove the filter from its protective 
envelope and examine the shipping envelope. If sample material has been dislodged from a filter, recover 
as much as possible by brushing it from the envelope onto the deposit on the filter with a soft camel's-hair 
brush. 

9.5.3.2.3  Match the filter ID number with the correct laboratory data/coding form on which the 
original balance ID number, filter ID number, filter tare weight, and other information are inscribed.  The 
sample custodian should group filters according to their recorded balance ID numbers. Initial separation of 
filters by balance ID number will decrease the probability of a balance error that could result from the use 
of different balances for tare and gross weights. 

9.5.3.2.4  Remove the filter from the protective manila folder. Should the filter be retained in its filter 
cassette, loosen the nuts on the top and remove the filter.  Overtightening the nuts may cause the filter to 
adhere to the cassette gasket.  Gently remove it by the extreme corners to avoid damage. Inspect the filters 
for any damage that may have occurred during sampling.  Conduct a secondary check of a sample's validity 
(as presented in Section 9.4).  If insects are embedded in the sample deposit, remove them with 
Teflon®-tipped tweezers and disturb as little of the sample deposit as possible.  If more than 10 insects are 
observed, refer the sample to the supervisor for a decision on acceptance or rejection of the filter for analysis. 
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9.5.3.2.5  Place defect-free filters in protective envelopes and forward them to the laboratory for 
weighing and analysis. File the data sheets for subsequent mass concentration calculations. 

9.5.3.2.6  Place defective filters, with the type of defect(s) listed, in separate clean envelopes. Label 
the envelopes and submit them to the laboratory supervisor for final approval of filter validity. 

10. Interferences 

10.1 Large extraneous objects, such as insects, may be swept into the filter. 

10.2 Liquid aerosols, such as oil mists and fog droplets, are retained by the filter. If the amount of liquid 
so collected is sizeable, the filter can become wet and its function may be impaired. 

10.3 Any gaseous or vaporous constituent of the atmosphere under test that is reactive with or absorbed on 
the filter will be retained. 

10.4 As the filter becomes loaded with collected matter, the sampling rate is reduced.  If a significant drop 
in flow rate occurs, the average of the initial and final flow rate will not give an accurate estimate of total 
flow during the sampling period.  The magnitude of such errors will depend on the amount of reduction of 
airflow rate and on the variation of the mass concentration of dust with time during the 24-h sampling period. 
As an approximate guideline, any sample should be suspect if the final flow rate is less than one-half the 
initial rate. 

10.5 Power failure or voltage change during the test period will lead to an error, depending on the extent 
and time duration of such failure. 

10.6 The passive loading of the filter left in place for any time prior to or following a sampling period can 
introduce an error.  The timely installation and removal of the filter is advisable, or a sampler with shutters 
may be used. 

10.7 If two or more samplers are used at a given location, they should be placed at least 2 meters apart so 
that one sampler will not affect the results of an adjacent sampler. 

10.8 Recent wind tunnel studies have shown significant possible sampling errors as a function of sampler 
orientation in atmospheres containing high relative concentrations of large particles. 

10.9 Metal dusts from motors, especially copper, may significantly contaminant samples under some 
conditions. 

10.10 Under some conditions, atmospheric SO2 and NOx may interfere. Artifact formation errors are caused 
by the retention of sulfur dioxide in the form of sulfate particulate on alkaline filters.  Experiments involving 
a variety of filters indicate that sulfate loading errors of 0.3-3.0 µg/m3 can be expected with the use of 
common glass fiber filters under normal sampling conditions and that larger sulfate errors are possible under 
extreme sampling conditions. A neutral or low-alkalinity filter medium will eliminate excessive artifact 
formation. 

10.11 Guidelines to help prevent post-sampling particle loss are presented in Section 8. 
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11. Calculations, Validations, and Reporting of TSP and PM10 Data 

11.1 Basic Information Used for Calculations 

11.1.1 The design flow rate is specified as an actual volumetric flow rate (Qa), measured at existing 
conditions of temperature (Ta) and pressure (Pa).  The sampler's operational flow rate should be very close 
to the design flow rate.  All samplers have some means for measuring the operational flow rate, and that flow 
rate measurement system must be calibrated periodically with a certified flow rate transfer standard.  Usually, 
measurements (or estimates) of ambient temperature and barometric pressure are required to get an accurate 
indication of the operational flow rate. To determine the average sampler flow rate over a sample period, 
use the average temperature (Tav) and average barometric pressure (Pav) over the sample period.  However, 
if average temperature and pressure values (or reasonable estimates) cannot be obtained for each sample 
period, seasonal average temperature (Ts) and barometric pressure (Ps) for the site may be substituted. 

[Note: Tav and Pav readings may be recorded on site or estimated from data obtained from a nearby U.S. 
National Weather Service Forecast Office, NWS station, or local airport weather station.  Barometric 
pressure readings obtained from airports or other sources must be at station pressure (i.e., not corrected to 
sea level), and they may have to be corrected for differences between the elevation of the monitoring site and 
that of the airport. If individual Tav and Pav readings cannot be obtained for each sample period and 
seasonal averages for the site are routinely substituted, care must be taken to ensure that the actual 
temperature and barometric pressure at the site are reasonably represented by such averages.  Therefore, 
seasonal average temperature and pressure values (Ts and Ps) for the site by should be used only when these 
values are within 20 K and 40 mm Hg (5 kPa) of the actual average temperature and barometric pressure 
(Tav and Pav) for the sample period.] 

11.1.2 The calculations presented in this section assume that the sampler has been calibrated in actual 
volumetric flow rate units (Qa) and that individual average temperature and barometric pressure values are 
used for each sample period. If seasonal average temperature and pressure values for the 
site are to be used, Ts may be substituted for Tav, and Ps may be substituted for. 

11.1.3 The true or actual flow rate through the sampler inlet must be known and controlled.  A common 
source or error in a monitoring program is confusion of various air volume flow-rate measurement units. 
Although the sampler's operational flow rate must be monitored in terms of actual volume flow rate units 
(Qa), sampler flow rates can be corrected to standard volume flow rate units (Qstd) at EPA standard 
conditions of temperature (25EC) and pressure (760 mmHg). 

•	 Qa: Actual volumetric air flow rates, measured and expressed at existing conditions of 
temperature and pressure and denoted by Qa (Qactual).  Typical units are L/min and m3/min. 
Inlet design flow rates for PM10 samplers are always given in actual volumetric flow rate 
units. 

•	 Qstd: Airflow rates that have been corrected to equivalent standard volume flow rates at EPA 
standard conditions of temperature and pressure (25EC or 298 K and 760 mm Hg or 101 kPa) 
and denoted by Qstd (Qstandard). Typical units are std. L/min, and std. m3/min. Standard 
volume flow-rate units are often used by engineers and scientists because they are equivalent 
to mass flow units. 

11.1.4 The Qa and Qstd measurement units must not be confused or interchanged.  The flow-rate units 
can be converted as follows, provided the existing temperature and pressure (or in some cases the average 
temperature and pressure over a sampling period) are known: 
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Qstd = Qa(Pa/Pstd)(Tstd/Ta)
 
Qstd = (Pav/Pstd)(Tstd/Tav)
 

Qa = Qstd(Pstd/Pa)(Ta/Tstd)
 

where: 

Qstd = standard volume flow rate, std m3/min.
 
Qa = actual volume flow rate, actual m3/min.
 
Pa = ambient barometric pressure, mm Hg.
 

Pstd = EPA standard barometric pressure, 760 mm Hg.
 
Tstd = EPA standard temperature, 298 K.
 

Ta = standard temperature, K (K = EC + 273).
 
Qstd = average standard volume flow rate for the sample period, std. m3/min.


Qa = average actual volume flow rate for the sample period, m3/min.
 
Pav = average ambient barometric pressure during the sample period, mm Hg. 

Tav = average ambient temperature during the sample period, K.
 

Inorganic Compendium Method IO-2.4 provides guidance on calculating sample volume corrected to EPA 
standard temperature and pressure. 

11.2 Flow-Rate Calculations.  Because flow control methods (and hence, calibration procedures) vary 
among different sampler models, the calculations necessary to determine the average actual flow rate during 
a sample run will also differ.  The following general procedures are recommended for calculating the average 
ambient flow rate of the sampler.  In this section, it is assumed that the samplers have been calibrated 
according to procedures outlined in Section 7. 

[Note: Consistency in units is required.  Adoption of uniform designations of K for temperature and mm Hg 
(or kPa) for pressure is recommended in all calculations.] 

11.2.1 MFC Sampler. 
11.2.1.1 The average actual flow rate for sample period is calculated by determining: 

•	 The average of the initial and final manometer readings ( )Pex) [or the average flow recorder trace]; 
•	 The average ambient temperature (Tav); and 
•	 The average ambient barometric pressure (Pav) during the sampling period and applying these values 

to the calibration relationship. 

11.2.1.2 Each sampler's flow measurement system should be calibrated periodically, and the 
calibration should be described by a mathematical expression (e.g., a least-squares linear regression equation) 
that indicates the slope and intercept of the calibration relationship. Following the procedure in Section 7, 
this expression is in the form of: 
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Qa = {[Pex(Tav+ 30)/Pav)]½ - b} {l/m} 
where:

Qa = the sampler's average actual flow rate for the sample period, m3/min. 

Pex = average of initial and final sampler manometer readings, () Pexi + ) Pexf)/2, in. H2O. 

Tav = average barometric pressure for the sample period, K (K = EC + 273). 

Pav = average barometric pressure for the sample period, mm Hg. 


b = intercept of the sampler calibration relationship.
 
m = slope of the sampler calibration relationship. 


For the flow recorder,
 = {[ (Tav+30)/Pav]1/2 - b} {l/m}Qa I 

where: 
I  = average flow recorder reading for the sample period. 

11.2.1.3 The average actual flow rate is then corrected to EPA-standard conditions, calculated as:

Qstd = Qa(Pav/Pstd)(Tstd/Tav) 
where:

Qstd  = average sampler flow rate corrected to EPA-standard volume flow rate units, std. m3/min. 

Qa = average actual sampler flow rate for the sample period, m3/min. 

Pstd = standard barometric pressure, 760 mm Hg. 

Tstd = standard temperature, 288 K.
 

11.2.2 VFC Sampler. 
11.2.2.1 The average actual flow rate for the sample period is calculated by determining the ratio of 

the average absolute stagnation pressure of the average ambient barometric pressure (P1/Pav) and the 
ambient average temperature (Tav) for the sampler period. 

11.2.2.2 Calculate the value of Pl in mm Hg: 

P1 = Pav -)Pstg 
where: 

Pl = average absolute stagnation pressure for the sample period, mm Hg . 
Pav = average barometric pressure for the sample period, mm Hg. 

)Pstg = average of initial and final relative stagnation pressure readings, mm Hg. 

[Note: Be sure to convert a water manometer reading to mm Hg using the following equation before recording 
the reading on the data sheet:] 

mmHg = 25.4 () H2O/13.6) 
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11.2.2.3 Calculate and record the value of the average stagnation pressure ratio. 

Average stagnation pressure ratio = (P1/Pav) 

11.2.2.4 Use the manufacturer's lookup table (or alternate calibration relationship; see Section 7) to 
determine Qa from the average stagnation pressure ratio ( P1/Pav ) and Tav for the sample period.  The value 

of Qa is the average volumetric flow rate for the sampler period. 
11.2.2.5 The average actual flow rate is then corrected to EPA-standard conditions using the following 

equation:

Qstd = Qa(Pav/Pstd)(Tstd/Tav) 

where:
Qstd  = average sampler flow rate corrected to EPA-standard volume flow rate units, std. m3/min. 

Qa = average actual sampler flow rate for the sample period, m3/min. 
Pstd = standard barometric pressure, 760 mm Hg. 
Tstd = standard temperature, 298 K. 

11.3 The total standard volume of air sampled is calculated by the following equation: 

Vstd = (Qstd)(t) 
where: 

Vstd = total volume of air sampled in standard volume units, std m3.
Qstd = average sampler flow rate corrected to EPA-standard conditions, std m3/min. 

t = total elapsed sampling time, min. 

11.4 Percent Difference 

11.4.1 After each sampling period, calculate the percentage difference between Qa and the design flow 
rate (1.13 m3/min) using the following formula: 

Qa	 & 1.13 % Difference ’ 100 
1.13 

Record this value on a control chart for the field validation of the sampler's actual volumetric flow rate as 
is shown in Figure 14. 

11.4.2 The following criteria should be used as the basis for determining a sample's 
validity: 

•	 Decreases in flow rate during sampling (due to mechanical problems) of more than 10% from the 
initial set point cause sample invalidation. A sample flow rate may also fluctuate due to heavy filter 
loading.  If a high concentration is suspected, the operator should indicate it on the field data sheet. 
The laboratory supervisor will make the final decision regarding the sample's validity. 

•	 Changes in flow-rate calibration of more than 10%, as determined by a field QC flow-rate check, will 
invalidate all samples collected back to the last calibration or valid flow check. 
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12. Records 

12.1 MFC Sampler 

Record the following parameters on the MFC Sampler Field Data Sheet (see Figure 14): 
• Final Pex. 
• Elapsed time of the sampling period, min. 
• Average record response, arbitrary units. 
• Tav for the run day K (K = EC + 273). 
• Pav for the run day, mm Hg. 

12.2 VFC Sampler 

Record the following parameters on the VFC Sampler Field Data Sheet (see Figure 15): 
• Site location. 
• Sample date. 
• Filter ID number. 
• Sampler model and S/N 
• Operator's initials. 
• Initial Relative Stagnation Pressure ( Pstg). 
• Elapsed time of the sampling period, min. 
• Tav for the run day Tav, EC and K. 
• Pav for the run day Pav, mm Hg. 
• Pstg, mm Hg. 
• Relative Stagnation Pressure. 
• Absolute Stagnation Pressure. 
• Qa value (from chart generated in Section 7.5.4.). 

12.3 Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S. 
National Weather Service Forecast Office or airport weather station.  Barometric pressure readings obtained 
from remote sources must be at station pressure (not corrected to sea level); they may have to be corrected 
for differences between elevation of the monitoring site and that of the airport.  If Tav and Pav readings are 
not available, seasonal average temperature (Ts) and barometric pressure (Ps) may be substituted for Tav and 
Pav, respectively.  Care must be taken, however, that the actual conditions at the site can be reasonably 
represented by such averages. Therefore, seasonal values should represent actual values within 20EC and 
40 mm Hg. 

12.4 Observe conditions around the monitoring site; note any activities that may affect filter particle loading 
(paving, mowing, fire) and record this information on the VFC Sampler Field Data Sheet. 
Document any factors that may cause a sample's invalidation on the sample data sheet.  Forward the data 
sheet and the filter to the laboratory supervisor, who will make the final decision regarding the sample's 
validity. 

12.5 Record the percentage difference between Qa and the design flow rate on Figure 16. 
12.6 Recordkeeping is a critical part of the QA program.  Careful documentation of sampling data will 
salvage samples that may otherwise be lost.  The sheer repetition of recording data may result in errors; 
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however, this cross-referencing between data sheets, log books, and (for those samplers so equipped) the 
continuous-flow-recorder charts will allow the operator to pinpoint discrepancies that may result in a sample's 
invalidation. 

[Note: The use of log books at monitoring sites is highly encouraged. The following information should be 
recorded on the Sampler Field Data Sheet (SFDS), sampler recorder chart (RC), in the site log book (LB), 
and on the flow-rate control chart (CC).] 

12.6.1 The following information should be recorded by the operator who starts the sample.  (The 
designation in parentheses indicates where the data must be inscribed): 

•	 Site designation and locations (SFDS)(RC)(LB).  This information should be recorded in the log book 
only once, at the initiation of a monitoring program. 

•	 Sampler model and S/N (SFDS)(RC)(LB).  This information needs to be recorded in the log book 
only at the commencement of monitoring, unless there is more than one sampler or a new sampler 
has been deployed. 

•	 Filter ID number (SFDS)(RC)(LB). 
•	 Sample date (SFDS)(RC)(LB). 
•	 Initial Pex for MFC or initial ) Pstg for VFC (SFDS)(LB). 
•	 Unusual conditions that may affect the results (e.g., subjective evaluation of pollution that day, 

construction activity, weather conditions) (SFDS)(LB). 
•	 Operator's initials (SFDS). 
•	 Signature (LB). 
12.6.2 The following information should be recorded by the operator who removes the samples. 
•	 Elapsed time of the sample run (SFDS)(RC)(LB). 
•	 Final ) Pex [or mean I] for MFC or final ) Pstg, P1, and P1/Pav for VFC (DS)(LB)[RC]. 
•	 The calculated standard average flow rate (Qstd) in std m3/min (SFDS)(LB). 
•	 The percentage difference between the actual and design flow rates (CC). 
•	 Average ambient temperature and barometric pressure on the sample run day (SFDS)(LB). 
•	 Seasonal average temperature and pressure, if needed (SFDS/LB). This information needs to be 

recorded in the logbook once, at the change of each season. 
•	 Existing conditions that may affect the results (SFDS)(LB). 
•	 Explanations for voided or questionable samples (SFDS)(LB). 
•	 Operator's initials (SFDS). 
•	 Signature (LB). 

13. 	Field QC Procedure 

For HV samplers, a field-calibration check of the operational flow rate is recommended at least once per 
month.  The purpose of this check is to track the sampler's calibration stability. A control chart (e.g., 
Figure 14) that contains the percentage difference between a sampler's indicated and measured flow rates 
should be maintained.  This chart is a quick reference of instrument flow-rate drift problems and is useful 
for tracking the performance of the sampler.  Either the sampler log book or a data sheet must be used to 
document flow-check information.  This information includes, but is not limited to, instrument and transfer 
standard model and serial numbers, ambient temperature and pressure conditions, and collected flow-check 
data. 
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In this section, the following is assumed: 
•	 The flow rate through sampler that is equipped with a mass-flow controller is indicated by the exit 

orifice plenum pressure. This pressure is measured with a manometer [or a flow recorder]. 
•	 The flow rate through a sampler that is equipped with a volumetric flow controller is indicated by the 

stagnation pressure. This pressure is measured with a manometer. 
•	 The acceptable flow-rate fluctuation range is 10% of the design flow rate. 
•	 The transfer standard will be an orifice device equipped with a water or oil manometer. 
•	 The orifice transfer standard's calibration relationship is in terms of the actual volumetric flow rate 

(Qa). 
13.1 QC Flow-Check Procedure--MFC Sampler. The indicated flow rate [Qa (sampler)] for MFC 
samplers is calculated by determining: 

•	 The manometer reading of the exit orifice plenum pressure [or the flow recorder reading], 
•	 The ambient temperature (Ta), and 
• The barometric pressure (Pa) during the flow check. 

These values are then applied to the sampler's calibration relationship.  The 4" pressure (flow) recorders of 
the type often supplied with high-volume PM10 samplers are generally not sufficiently accurate and are not 
recommended for quantitative sampler pressure or flow measurements. The flow recorder may be connected 
in parallel with the manometer or other pressure measuring device, using a tee or "Y" tubing connector.  An 
alternate QC flow-check procedure may be presented in the manufacturer's instruction manual.  The manual 
should be reviewed and the various methods evaluated.  Inhouse equipment and procedural simplicity should 
be considered in determining which method to use. 

[Note: Do not attempt to conduct a flow check of samplers under windy conditions.  Short-term wind velocity 
fluctuations will produce variable pressure readings by the orifice transfer standard's manometer.  The flow 
check will be less precise because of the pressure variations.] 

13.1.1 Collect the following equipment and transport it to the monitoring station: 

[Note: An independent person should perform the QC flow check, with an outside observer present.] 

•	 A water, oil, or digital manometer with a 0-200 mm (0-8") range and a minimum scale division of 1 
mm (0.1") for measuring the sampler's exit orifice plenum pressure.  This manometer should be the 
same as is used routinely for sampler flow rate measurements. 

•	 An orifice transfer standard and its calibration relationship (different from initial orifice standard). 
•	 An associated water or oil manometer with a 0- to 400-mm (0- to 16") range and a minimum scale 

division of 1 mm (0.1") for measuring the orifice transfer standard. 
•	 A thermometer capable of accurately measuring temperature 0-50EC (273-323 K) to the nearest ±1EC 

and referenced to an NIST or ASTM thermometer within ±2EC at least annually. 
•	 A portable aneroid barometer (e.g., a climber's or engineer's altimeter) capable of accurately 

measuring ambient pressure 500-800 mm Hg (66-106 kPa) to the nearest millimeter Hg and referenced 
within ±5 mm Hg of a barometer of known accuracy at least annually. 

•	 The sampler's calibration information. 
•	 Spare recorder charts and a clean flow-check filter. 
•	 MFC Sampler Flow-Check Data Sheet or site log book. 
13.1.2 Record the site location, sampler S/N, and date on the back of a clean chart and install it in the 

flow recorder.  While installing the chart, do not bend the pen arm beyond its limits of travel. Raise the pen 
head by pushing on the very top of the pen arm (or by using the pen lift) and simultaneously insert the chart. 

13.1.3 Lower the pen arm and tap the recorder face lightly to make certain that the pen can move freely. 
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13.1.4 Using a coin or slotted screwdriver, advance the chart and check to see that the pen head rests on 
zero (i.e., that smallest diameter circle).  If necessary, adjust the zeroset screw while gently tapping on the 
side of the recorder.  A quarter turn of the set screw usually results in large offsets; adjust the set screw 
carefully. 

13.1.5 Set up the flow-check system as previously illustrated in Figure 10.  MFC samplers are normally 
flow-checked with a filter in line (i.e., between the orifice transfer standard and the motor).  Install a clean 
filter in the sampler. Place the filter directly upon the sampler's filter screen. Do not use a filter cassette. 
A flow-check filter should never be used for subsequent sampling because particles larger than 10 Fm can 
be collected on the filter while the inlet is raised.  The sample mass will be biased as a result of using a filter 
for both a flow check and subsequent sampling. 

13.1.6 Install the orifice transfer standard and its faceplate on the sampler.  Do not restrict the flow rate 
through the orifice (i.e., by using fixed resistance plates or closing the variable-resistance valve). 
Caution: Tighten the faceplate nuts on alternate corners first to eliminate leaks and to ensure even tightening. 
The nuts should be hand-tightened; too much compression can damage the sealing gasket. Make sure the 
orifice transfer standard gasket is in place and the orifice transfer standard is not cross-threaded on the 
faceplate. 

13.1.7 Connect the orifice manometer to the pressure port of the orifice transfer standard and the sampler 
manometer to the sampler's exit orifice plenum.  Inspect the manometers' connecting tubings for crimps and 
cracks. Open the manometer valves and blow gently through the tubings.  Watch for the free flow of fluid. 
Adjust the manometers' scales so that their zero lines are at the bottom of the meniscuses.  Make sure that 
the connecting tubing snugly fits the manometer and the pressure port. 

13.1.8 Turn on the sampler and allow it to warm up to operating temperature (3-5 min). 

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield 
(if a shield is not otherwise provided).  Use a block to provide at least 2" of clearance at the bottom for air 
flow and for the manometer tubing.] 

13.1.9 Read and record the following parameters on the MFC Sampler Flow-Check Data Sheet: 
• Sampler location and date. 
• Sampler model and S/N. 
• Ambient temperature (Ta), EC and K. 
• Ambient barometric pressure (Pa), mm Hg. 
• Unusual weather conditions. 
• Orifice transfer standard S/N and calibration relationship. 
• Operator's signature. 
13.1.10 Observe the )  H2O across the orifice by reading the manometer deflection.  Record the 

manometer deflection on the MFC Sampler Flow-Check Data Sheet (see Figure 11). 
13.1.11 Measure the exit orifice plenum pressure () Pex) by reading the manometer deflection. Record 

the manometer deflection on the MFC Sampler Flow-Check Data Sheet. 
13.1.12 Using a coin or small screwdriver, advance the recorder chart to read the sampler's 

corresponding response (I) and record on the data sheet.  A gentle tap on the recorder face is often necessary 
to ensure that the pen is not sticking to the chart. 

13.1.13 Turn off the sampler and remove the orifice transfer standard, but not the filter.  Turn on the 
sampler and repeat Section 13.1.11 [or Section 13.1.12] to check the flow rate under normal operating 
conditions. Turn off the sampler and remove the filter. 

June 1999 Compendium of Methods for Inorganic Air Pollutants Page 2.1-45 



  

Method IO-2.1 Chapter IO-2 
Integrated Sampling for SPM High Volume 

13.1.14 Calculate and record Qa(orifice) at actual conditions using the following equation: 

Qa(orifice) = {[() H2O)(Ta/Pa)]½ - b} {l/m} 
where: 

Qa(orifice) = actual volumetric flow rate as indicated by the orifice transfer standard, m3/min 
) H2O = pressure drop across the orifice, in. H2O.
 

Ta = ambient temperature, K.
 
Pa = ambient barometric pressure, mm Hg.
 
b = intercept of the orifice calibration relationship.
 
m = slope of the orifice calibration relationship.
 

13.1.15 Calculate and record the corresponding sampler flow rate at actual conditions using the following 
equation: 

Qa(sampler) = {) Pex (Ta + 30)/Pa]1/2 - b} {l/m} 

or use the following if a flow recorder is being used to measure the exit orifice plenum pressure: 

Qa(sampler) = {I(Ta + 30)/Pa]1/2 - b} {l/m} 
where: 
Qa(sampler) = sampler flow rate, actual m3/min. 

) Pex = exit orifice plenum pressure, in. H2O.
 
Ta = ambient temperature during the flow check, K (K = EC + 273).
 
Pa = ambient barometric pressure during the flow check, mm Hg.
 
b = intercept of the MFC sampler calibration relationship.
 
m = slope of the MFC sampler calibration relationship.
 

[Note: If charts with linear-function scales are used, substitute (I)½ for I.] 

13.1.16 Using this information and the formulas provided on the MFC Sampler Flow-
Check Data Sheet, calculate the QC check percentage differences. 

[Qa(sampler) & Qa(orifice)] QC&check % difference ’ [100] 
Qa(orifice) 

where: 
Qa(sampler) is measured with the orifice transfer standard being installed. 

Record this value on the MFC Sampler Flow-Check Data Sheet and plot on the QC control chart.  If the 
sampler flow rate is within 93-107% (±7% difference) of the calculated Qa(orifice) flow rate (in actual 
volumetric units), the sampler calibration is acceptable.  If these limits are exceeded, investigate and correct 
any malfunction. Recalibrate the sampler before sampling is resumed. Differences exceeding ±10% may 
result in the invalidation of all data collected subsequent to the last calibration or valid flow check.  Before 
invalidating any data, double-check the orifice transfer standard's calibration and all calculations. 
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13.1.17 Calculate the corrected sampler flow rate, Qa(corr. sampler), using the following equation: 

[(100 & % difference)] Qa(corr. sampler ’ [Qa(sampler)] 
100 

where: 
Qa(sampler) is measured without the orifice transfer standard being installed and where the QC-check 

percentage difference was obtained from the equation above. 

[Note: Take care to use the correct sign (i.e., positive or negative) for the percent difference.] 

13.1.18 Calculate and record on the MFC Sampler Flow-Check Data Sheet the percentage difference 
between the inlet's design flow rate and the corrected sampler flow rate as: 

[Qa(corr. sampler) & 1.13] Design flow rate % difference ’ [100] 
1.13) 

[Note: The author assumes in this section that the inlet is designed to operate at a flow rate of 1.13 actual 
m3/min. If the design flow rate percentage difference is less than or equal to ±7%, the sampler calibration 
is acceptable.  If the difference is greater than ±7%, investigate potential error sources and correct any 
malfunction.  Recalibrate the sampler before sampling is resumed. Differences exceeding ±10% may 
invalidate all data collected subsequent to the last calibration or valid flow check.  Before invalidating any 
data, double-check the sampler's calibration, the orifice transfer standard's certification, and all 
calculations.] 

[Note: Deviations from the design flow rate may be caused in part by deviations in the site temperature and 
pressure from the seasonal average conditions.  Recalculate the optimum set-point flow rate (SFR) according 
to Section 7.4.4 to determine if the flow controller should be adjusted.] 

13.1.19 Set up the sampler for the next sampling period according to the operating procedure in 
Section 9.4. 

13.2 QC Flow-Check Procedure--VFC Sampler 

The indicated flow rate (Qa (sampler)) for VFC samplers is calculated by determining: 
• The relative stagnation pressure (Pstg), 
• The ambient temperature (Ta), and 
• The barometric pressure (Pa) during the flow check. 

These values are then applied to the sampler's calibration relationship.  An alternative QC flow-check 
procedure may be presented in the manufacturer's instruction manual.  The manual should be reviewed and 
the various methods evaluated.  Inhouse equipment and procedural simplicity should be considered in 
determining which method to use. 

[Note: Do not attempt to conduct a flow check of samplers under windy conditions.  Short-term wind velocity 
fluctuations will provide variable pressure readings by the orifice transfer standard's manometer.] 

The flow check will be less precise because of the pressure variations. 
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13.2.1 Collect the following equipment and transport it to the monitoring station: 
•	 An orifice transfer standard and its calibration relationship in actual volumetric flow units (Qa). 
•	 An associated oil, water, or digital manometer, with a 0-400 mm (0-16") range and minimum scale 

divisions of 1 mm (0.1"). 
•	 An oil, water, or digital manometer, with a 0-400 mm (0-16") range and minimum scale divisions of 

1 mm (0.1") or other pressure measurement device for measurement of the sampler stagnation 
pressure.  Ideally, this manometer (or other pressure measurement device) should be associated with 
the sampler. 

[Note: Manometers used for QC flow-checks may be subject to damage or malfunction and thus should be 
checked frequently.] 

•	 A thermometer capable of accurately measuring temperature from 0E-50EC (273-323 K) to the nearest 
±1EC and referenced to an NIST or ASTM thermometer within 2EC at least annually. To calculate 
the orifice flow rates, convert EC to K. 

•	 A portable aneroid barometer (e.g., a climber or engineer's altimeter) capable of accurately measuring 
ambient barometric pressure over the range of 500-800 mm Hg to the nearest millimeter Hg and 
referenced within 5 mm Hg of a barometer of known accuracy at least annually. 

•	 The sampler's calibration relationship (i.e., lookup table or alternative calibration relationship). 
•	 A clean flow-check filter loaded into a filter cassette. 
•	 A VFC Sampler Flow-Check Data Sheet (see Figure 13) or a site log book. 
13.2.2 Set up the flow-check system as previously illustrated in Figure 12.  VFC samplers are normally 

flow-checked with a loaded filter cassette in line (i.e., between the orifice transfer standard and the motor). 
The orifice transfer standard should be installed without fixed resistance plates or with the adjustable 
resistance value fully open.  A flow-check filter should never be used for subsequent sampling because 
particles larger than 10 Fm can be collected on the filter while the inlet is raised. The sample mass will be 
biased as a result of using a filter for both a flow check and subsequent sampling. 
Caution: Tighten the faceplate nuts on alternate corners first to eliminate leaks and to ensure even tightening. 
The fittings should be hand-tightened; too much compressing can damage the sealing gasket.  Make sure the 
orifice gasket is in place and the orifice transfer standard is not cross-threaded on the faceplate. 

13.2.3 Turn on the sampler and allow the sampler to warm up to operating temperature (3-5 min). 

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield 
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom for air 
flow and for the manometer tubing.] 

13.2.4 Read and record the following parameters on the VFC Sampler Flow-Check Data Sheet (see 
Figure 13): 

•	 Sampler location and date. 
•	 Sampler S/N and model. 
•	 Ambient temperature (Ta), EC and K. 
•	 Ambient barometric pressure (Pa), mm Hg. 
•	 Unusual weather conditions. 
•	 Orifice transfer standard S/N and calibration relationship. 
•	 Operator's signature. 
13.2.5 Inspect the manometers for crimps or cracks in the connecting tubing.  Open the valves and blow 

gently through the tubing, watching for the free flow of the fluid. 
Adjust the manometers' sliding scales so that the zero lines are at the bottom of the meniscuses. 
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13.2.6 Connect the orifice manometer to the orifice transfer standard and the sampler manometer to the 
sampler stagnation pressure port located on the side of the sampler base.  Ensure that one side of each 
manometer is open to atmospheric pressure.  Be sure that the connecting tubing snugly fits the pressure ports 
and the manometers. 

13.2.7 Read the pressure drop as indicated by the orifice manometer () H2O) and record the value on the 
VFC Sampler Flow-Check Data Sheet.  Read the stagnation pressure drop and record it as ) Pstg (mm Hg) 
on the data sheet. 

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the 
reading on the data sheet.] 

mm Hg = 25.4(in. H2O/13.6) 

13.2.8 Turn off the sampler and remove the orifice transfer standard. 
13.2.9 With only a loaded filter cassette in line, turn on the sampler and allow it to warm up to operating 

temperature. 
13.2.10 Read and record the stagnation pressure drop () Pstg) for the normal operating flow rate. Turn 

off the sampler. Replace the vacuum cap on the stagnation pressure port. 
13.2.11 Calculate and record Qa(orifice) flow rate for the flow-check point, as in the equation, 

reproduced below: 

Qa(orifice) = {[() H2O)(Ta/Pa)]½ - b] [l/m] 
where: 

Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m3/min. 
) H2O = pressure drop across the orifice, in. H2O.
 

Ta = ambient temperature, K (K = EC +273).
 
Pa = ambient barometric pressure, mm Hg.
 
b = intercept of the orifice calibration relationship.
 
m = slope of the orifice calibration relationship.
 

13.2.12 Calculate and record the value of Pl (mm Hg) for the measurements, with and without the orifice 
installed, according to the following equation: 

Pl = [Pa- ) Pstg ] 
where: 

Pl = stagnation pressure, mm Hg. 
Pa = ambient barometric pressure, mm Hg. 

) Pstg = stagnation pressure drop, mm Hg. 
13.2.13 Calculate and record the stagnation pressure ratio for the measurements, with and without the 

orifice installed, according to the following equation: 

Stagnation pressure ratio = Pl/Pa 
where: 

Pl = stagnation pressure, mm Hg. 
Pa = ambient barometric pressure, mm Hg. 

13.2.14 Refer to the instrument manufacturer's lookup table (or alternative calibration relationship as 
described in Section 7.5.4) and determine the Qa(sampler) flow rates (m3/min) for the measurements with 

June 1999 Compendium of Methods for Inorganic Air Pollutants Page 2.1-49 



  

Method IO-2.1 Chapter IO-2 
Integrated Sampling for SPM High Volume 

and without the orifice installed as indicated for the ratio of Pl/Pa and ambient temperature in EC. Record 
these values on the VFC sampler flow check data sheet. 

13.2.15 Using Qa(orifice) and Qa(sampler) for the measurements with the orifice installed, calculate the 
QC-check percentage difference as: 

[Qa(sampler) & Qa(orifice)] QC&check % difference ’ [100] 
Qa(orifice) 

Record this value on the VFC Sampler Flow-Check Data Sheet and plot it on the control chart for QC flow 
checks.  If the QC-check percentage difference is less than or equal to ±7%, the sampler calibration is 
acceptable.  Those differences exceeding ±7% will require recalibration. Differences exceeding ±10% may 
invalidate all data collected subsequent to the last calibration or valid flow check.  Before invalidating any 
data, double-check the sampler's calibration, the orifice transfer standard's certification, and all calibrations. 

13.2.16 Using this percentage difference and Qa (sampler) from the measurements without the orifice 
installed (i.e., for the normal operating flow rate), calculate the corrected sampler flow rate as: 

[(100 & % difference)] Qa(corr. sampler ’ [Qa(sampler)] 
100 

Record Qa (corr. sampler) on the VFC Sampler Flow-Check Data Sheet.
 13.2.17 Determine the design flow rate percentage difference between the PM10 sampler inlet design flow 
rate (e.g., 1.13 m3/min) and Qa (corr. sampler) as: 

[Qa(sampler) & Qa(orifice)] QC&check % difference ’ [100] 
Qa(orifice) 

Record this design flow rate percentage difference on the VFC Sampler Flow-Check Data Sheet and plot it 
on the control chart for the field validation of flow rates. When plotting this value, use a different symbol 
than is normally used for plotting values that are obtained during sampling periods. If the design flow rate 
percentage difference is less than or equal to ±7%, the sampler calibration is acceptable.  Those differences 
exceeding ±7% will require recalibration. Differences exceeding ±10% may invalidate all data obtained 
subsequent to the last calibration or valid flow check.  Before invalidating any data, double-check the 
sampler's calibration, the orifice transfer standard's certification, and all calculations. 

14. Maintenance 

Maintenance is defined as a program of positive actions aimed toward preventing failure of monitoring and 
analytical systems.  The overall objective of a routine preventive maintenance program is to increase 
measurement system reliability and provide more complete data acquisition.  The general maintenance 
procedures for HV samplers are outlined in this section.  For more complete information on a particular 
sampler or on laboratory equipment maintenance, refer to the manufacturer's instruction manual for the 
individual instrument.  Maintenance activities for the HV sampler are summarized in Table 4. Records 
should be maintained for the maintenance schedule of each HV sampler.  Files should reflect the history of 
maintenance, including all replacement parts, suppliers, costs, expenditures, and in inventory of on-hand 
spare equipment for each sampler.  Check sheets should be used to record preventive and/or corrective 
maintenance activities and the subsequent sampler calibration curve. 
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14.1 Maintenance Procedures 

The HV sampler is comprised of two basic components: the inlet and the flow control system.  Because of 
the differences between sampler models, refer to the manufacturer's instruction manual for specific 
maintenance guidelines and necessary supplies. 

14.2 Recommended Maintenance Schedules 

14.2.1 MFC Base. The MFC base is equipped with the following items: 
14.2.1.1 Connecting tubing and power lines, which must be checked for crimps, cracks, or 

obstructions on sample recovery days.  Fittings should be inspected periodically for cross-threading and 
tightness. 

14.2.1.2 A filter screen, which should be inspected on sample recovery days for any impacted 
deposits. 

14.2.1.3 Filter cassette gaskets, which need to be inspected each time a cassette is loaded.  A worn 
cassette gasket is characterized on exposed filters by a gradual blending of the boundary between the collected 
particulate and the filter border. 

14.2.1.4 Motor and housing gaskets, which should be checked at 3-month intervals and replaced as 
necessary. 

14.2.1.5 Blower motor brushes, which should be replaced before they become worn to the point that 
damage may occur.  Although motor brushes usually require replacement after 600-1,000 hours of operation, 
the optimum replacement interval must be determined by experience. A pumice stone can be used against 
the motor's contacts to ensure high conductivity.  Change the brushes according to manufacturer's 
instructions and perform the operator's field-calibration check as presented in Section 13.  If the sampler's 
indicated flow rate exceeds the manufacturer-specified design-flow-rate range, adjust the sampler before the 
next run day. 

To achieve the best performance, new brushes should be properly seated on the motor's commutator before 
full voltage is applied to them.  After the brushes have been changed, operate the sampler at 50-75% of 
normal line voltage for approximately 30 min.  The motor should return to full performance after an 
additional 30-45 min at normal line voltage. 

[Note: The motors that are used for HV samplers are higher-current versions of the motors that have been 
used for HV total suspended particulate samplers.  The brushes for the two types of motors are different. 
Make sure that the correct replacement brushes are used for the maintenance of HV samplers.  If a motor 
needs to be replaced, be sure to use the higher-current versions that are needed for HV sampling.  When 
lower-current motors are installed in HV samplers, the flow rate has been found to vary with changes in the 
line voltage.] 

14.2.1.6 A flow controller should be replaced if the flow recorder indicates no flow, low flow, 
excessive flow, or erratic flow. Minor adjustments can be made to alter sampling flow rates; however, the 
controller generally cannot be repaired in the field. 

[Note: A flow recorder requires very little maintenance, but does deteriorate with age.  Difficulty in zeroing 
the recorder and/or significant differences (i.e., greater than 0.3 m3/min) in average flow rates obtained from 
consecutive sampling periods usually indicate a faulty recorder.  The recorder pens should be replaced every 
30 recording days. In dry climates, a more frequent replacement schedule may be required.] 
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14.2.2 VFC Base. The VFC base is equipped with the following items: 
14.2.2.1 Power lines, which must be checked for crimps or cracks on sample recovery days.  Fittings 

should be inspected periodically for cross-threading and tightness. 
14.2.2.2 A filter screen at the throat of the choked-flow venturi, which should be inspected on sample 

recovery days for any impacted deposits. 
14.2.2.3 Filter cassette gaskets, which should be checked each time a filter is installed.  A worn casket 

gasket is characterized on exposed filters by a gradual blending of the boundary between the collected 
particulates and the filter border. 

14.2.2.4 Motor and housing gaskets, which should be checked at 3-month intervals and replaced as 
necessary. 

14.2.2.5 Blower motor brushes, which should be replaced before they become worn to the point that 
damage may occur.  Although motor brushes usually require replacement after 600-1,000 hours of operation, 
the optimum replacement interval must be determined by experience. A pumice stone can be used against 
the motor's contacts to ensure high conductivity.  Change the brushes according to manufacturer's 
instructions, and perform the operator's field-calibration check as presented in Section 13.  If the sampler's 
indicated flow rate exceeds the manufacturer-specified design flow-rate range, recalibrate the sampler before 
the next run day. 

To achieve the best performance, new brushes should be seated properly on the motor's commutator before 
full voltage is applied to them.  After the brushes have been changed, operate the sampler at 50-75% of 
normal line voltage for approximately 30 min.  The motor should return to full performance after an 
additional 30-45 min at normal line voltage. 
Caution:  Motors that are used for HV PM10 samplers are higher-current versions of the motors that have been 
used for HV total suspended particulate samplers.  The brushes for the two types of motor are different. Make 
sure that the correct replacement brushes are used for the maintenance of HV PM10 samplers. 

14.2.2.6 If a motor needs to be replaced, be sure to use the higher-current versions that are needed 
for HV PM10 sampling.  When lower-current motors are installed in HV PM10 samplers, the flow rate has 
been found to vary with changes in the line voltage. 

14.3 Refurbishment of HV Samplers 

If operated in the field for extended periods, HV PM10 samplers may require major repairs or complete 
refurbishment. If so, refer to the manufacturer's instrument manual before work is undertaken.  A sampler 
that has undergone major repairs or refurbishment must be leak-checked and calibrated prior to sample 
collection. 
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TABLE 1. EXAMPLE OF BASIC CHARACTERISTICS OF SOME COMMON FILTER
 
MATERIAL
 

QUARTZ FIBER FILTER 
(Glass Spun with Organic Binder) 

! Whatman QMA Filter 
! Maximum temperature of up to 540EC 
! High Collection Efficiency 
! Non-hydroscopic 
! Good for Corrosive Atmospheres 
! Fragile 
! Lowest background metals content 

CELLULOSE FIBER FILTER 
(Cellulose Pulp) 

! Whatman # 41/MSA "s" 
! Low Ash 
! Maximum Temperature of 150EC 
! High Affinity for Water 
! Enhanced Artifact Formation for SO= 

4  and NO3 

! Good for X-Ray/Neutron Activation Analysis 
! Low Metal Content 

MEMBRANE FILTER 
(Dry Gel of Cellulose Esters) 

! Whatman #41 
! Fragile, Therefore Requires Support Pad 
! High Pressure Drop 
! Low Residue when Ashed 
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TABLE 2. EXAMPLE OF SUMMARY OF USEFUL FILTER PROPERTIES 

Filter and Filter 
Composition 

Density 
mg/cm2 pH Filter Efficiency % 

Teflon® (Membrane) 
(CF2)n(2µm Pore Size) 

0.5 Neutral 99.95 

Cellulose (Whatman 41) 
(C6H10O5)n 

8.7 Neutral 
(Reacts with HNO3) 

58% at 
0.3 µm 

Glass Fiber 
(Whatman GF/C) 

5.16 Basic pH - 9 99.0 

"Quartz" Gelman 
Microquartz 

6.51 pH - 7 98.5 

Polycarbonate (Nuclepore) 
C15H14+CO3 (0.3µm Pore Size 

0.8 Neutral 93.9 

Cellulose Acetate/Nitrate 
Millipore (C9H13O7)n(1.21 µm Pore 
Size) 

5.0 Neutral 
(Reacts with HNO3) 

99.6 
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TABLE 3. EXAMPLE OF MINIMUM SAMPLER SITING CRITERIA
 

Scale 

Height above 
ground, 
meters 

Distance from supporting 
structure, meters 

Other spacing criteriaVertical Horizontala 

Micro 2 to 7 >2 >2 1. Should be >20 meters from
 trees. 

2. Distance from sampler to 
obstacle, such buildings, 
must be twice the height and 
the obstacle protrudes above 
the sampler. 

3. Must have unrestricted 
airflow 270 degrees around 
the sampler inlet. 

4. No furnace or incineration 
flues should be nearby.b 

5. Spacing from roads varies 
with traffic (see 40 CFR 58, 
Appendix E). 

6. Sampler inlet is at least 2 m 
but not greater than 4 m 
from any collocated PM10 

sampler. (See 40 CFR 58, 
Appendix E.) 

Middle, neighbor
hood, urban, and 
regional scale 

2 to 15 >2 >2 

aWhen inlet is located on rooftop, this separation distance is in reference to walls, parapets, or 
penthouses located on the roof. 

bDistance depends on the height of furnace or incineration flues, type of fuel or waste burned, and 
quality of fuel (sulfur, ash, or lead content). This is to avoid undue influences from minor 
pollutant sources. 
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TABLE 4. EXAMPLE OF ROUTINE MAINTENANCE ACTIVITIES 

FOR SAMPLERS
 

Equipment 
Frequency and/or 
method Acceptance limits 

Action if requirements 
are not met 

Sampler inlet Dismantle and clean at 
manufacturer-specified 
internals 

No obvious particulate 
deposits or damage 

Clean, replace damaged 
equipment before 
sampling 

Sampler base 

Power lines Check for crimps or 
cracks 

No obvious damage Replace as necessary 

Filter screen and throat Visually check on 
sample-recovery days 

No obvious deposits; 
clean with wire brush 

Clean 

Gaskets At 3-mo intervals, 
inspect all gaskets in the 
sampler 

No leaks; no 
compression damage 
evident 

Replace as necessary 

Brushes Replace after 600
1,000 h of operation 

Stable flow rate Replace as necessary 

Motor Replace if needed Correct model must be 
used 

Obtain correct model 

Flow controller Check when flowrate 
changes are evident 

Stable flow rate 
throughout sample run 

Replace or repair if 
possible 

Recording device Inspection with 
experiencing difficulty in 
zeroing, or when large 
changes in flow rates 
occur 

Recorder stays zeroed; 
chart advances; pen inks 

Replace or repair if 
possible 

Tubing, fittings Visually inspect on 
sample-recovery days 

No crimps, cracks, or 
obstructions; no 
crossthreading 

Replace as necessary. 
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Figure 1. High-volume sampler with shelter. 
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Figure 2. Inlet to EPA approved high volume sampler. 
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Figure 3. High-volume sampler with mass flow controller and impactor design size select inlet. 
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Figure 4. Schematic diagram of an impaction inlet for size select sampling for particulate matter. 
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Figure 5. Schematic diagram of a cyclonic inlet for size select sampling for particulate matter. 
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Figure 6. Flow rate transfer standard calibration setup. 
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Figure 7. Typical orifice-type flow rate transfer standards. 
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Figure 8. Example orifice transfer standard certification worksheet. 
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Figure 9. Typical calibration curve for a flow rate transfer standard. 
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Figure 10. Typical calibration set-up for a mass flow controller (MFC). 
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Figure 11. Example MFC sampler calibration data sheet. 
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Figure 12. Calibration of a typical volumetric flow controller (VFC). 
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Figure 13. Example VFC sampler calibration data sheet. 
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Figure 14. Example MFC sampler field data sheet. 
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Figure 15. Example VFC sampler field data sheet. 
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Figure 16. Field data control chart. 
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