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AIR SAMPLING"�





�10.1	   PURPOSE�tc  \l 2 "10.1  PURPOSE"�.  This chapter provides supporting background information and general procedures for air sampling related to compliance issues.



10.2	SCOPE�tc  \l 2 "10.2  SCOPE"�.  Because the requirements and methods for air sampling are often very complex, this information is intended only to provide an overview of methods, equipment, and instrumentation.  For specific applications, the established regulatory or literature reference procedures should be consulted.



10.3  	BACKGROUND�tc  \l 2 "10.3  BACKGROUND"�.  Air sampling is conducted to monitor levels of air contaminants.  Representative air sampling presents unique and difficult challenges.  Air is the most difficult environmental matrix to sample representatively because contaminant concentrations are affected by many variables which are subject to rapid and often drastic changes.  Also, the contaminants of interest may be present at very low concentrations.



10.3.1  Air Matrices�tc  \l 3 "10.3.1  Air Matrices"�.  Air sampling matrices include:



Indoor air

Ambient (outdoor) air

Point sources (stacks, exhausts, and other emission sources)

Fugitive emissions (sources of air pollutants other than stacks or vents)

Soil atmospheres, particularly over and around landfill waste sites



	Figure 10-1 shows expected air pollution concentration ranges for various air matrices.



10.3.2	Objectives of Air Sampling and Monitoring�tc  \l 3 "10.3.2  Objectives of Air Sampling and Monitoring"�.  Air sampling and monitoring may be performed to:



Determine background levels of contaminants

Provide continuous monitoring of atmospheric or industrial process conditions

Measure acute or periodic releases of contaminants

Provide data for computerized dispersion

modeling to evaluate contaminant patterns and trends





	Analytically, the basic objective of air monitoring is to measure representatively insitu or transfer all of the contaminant from a measured quantity of air into an analy�tical instrument, which will respond proportionally to the amount of contaminant present.  In practice this includes:



Taking a portable instrument to the contaminated air location

Taking a measured volume of the contaminated air to an instru�ment in the laboratory or in the field

Extracting the contaminant from a measured volume of air and measuring its concentration  in the laboratory or the field



	Accurate measurements are often difficult to achieve, because many factors affect air sample representativeness, quantitation, and minimization of artifacts.  Artifacts are contaminants originating from sources other than the intended sample.  Common sources of artifacts are:



Contaminated sampling equipment

Improper sampling procedures

Undesired physical or chemical reactions of the sample with the sampling container or collection media

Thermal effects

Contamination from adjacent sites

Emissions from surrounding activities  



	In addition, artifacts and poor quantitation are common problems with air analyses because the concentrations of contaminants are often very low compared to the surface areas of the containers and sampling media used for their collection.



	Many different methods have been developed for measuring air contamination.  The choice of method for a particular task depends on the anticipated use of the data, required detection limits, data turnaround needs, data quality objectives, and regulatory requirements written into facility operating permits.



10.4  GENERAL CLASSIFICATION OF AIR POLLUTANTS�tc  \l 2 "10.4  GENERAL CLASSIFICATION OF AIR POLLUTANTS"�.  Generally, air pollutants are broadly classified into two types - gases and particulates.  Gases such as sulfur dioxide, nitrogen oxides, and carbon monoxide result primarily from  industrial combustion processes.  Hydrogen sulfide and halogens and their derivatives come mainly from industrial operations.



	Hydrocarbons and their oxidation products are primarily associated with gasoline fuel operations and incomplete combustion.  Ozone results from photochemical reactions with nitrogen oxides, hydrocarbons and other organic compound



	Particulates can be either droplets of liquid or solid particles.  When particulate matter is suspended in air, it is called an aerosol.  Aerosols most prevalent in pollution are in the 0.01 - 100 micron particle size range.  Aerosols can be formed by:



water vapor  (i.e., fog, steam)

smoke and industrial fumes	

reaction of species such as sulfur dioxide with water

growth of smaller entities such as salts into agglomerates (i.e., ammonium sulfate and nitrate)

organic liquid particulates from the distillation or vaporization of volatile materials

Atomization of liquids through a small orifice



	There are numerous types of solid particulates:



soot or carbon - found in smoke from combustion processes of natural or man-made origins (particles are 0.01 - 1.0 micron diameter and very sticky)

fly ash - non-combustible mineral solids formed from complete oxidation of coal or fuel oil, generally <200 micron diameter

dusts - particulates from natural or industrial disintegration processes, 1-1000 micron diameter

fumes -  particulates from condensation of distillation vapors, calcination, or chemical reactions



	Liquid particulates include:



mists - particulates arising from vapor condensation, chemical reactions, or liquid atomization (i.e., steam or fog)

Chromic acid mist from electroplating



	Many common types of pollutants are actually 	combinations of the general classifications:



smoke is a combination of gases and solid and liquid particulates

solid particulates frequently have organic and inorganic species adhered to their surfaces

liquid particulates may combine with gases and solid particulate



	Atmospheric aerosols are frequently mixtures of soluble and insoluble materials, with relative humidity determining the equilibrium of the two phases.  They may be chemically complex with volatiles adsorbed to 

solid particulates and several soluble aerosols co-dissolved.  Figure 10-2 illustrates relative particle size ranges for aerosols, dusts, and fumes.



	Aerosols are a primary concern in air pollution because they result in reduced visibility due to their light scattering and light absorption properties.  Smoke

and ammonium sulfate aerosols are particularly deleterious to visibility.  The meteorologic definition of visibility refers to the measurement of the greatest distance at which a dark object of reasonable size may be seen against the horizon sky.  This measurement depends on the degree of light transmission through the atmosphere and the contrast of the object to the background.  Generally, gases do not affect the transmissive properties, but occasionally, nitrogen dioxide (NO2) may be present in sufficient concentration to create a yellowish-brown discoloration.  The aerosol particles most impacting visibility are in the 0.3 - 0.6 micron range.  Measurements of visibility are usually made with transmissometers and often use photographic images which are computer analyzed for contrast data.



10.5 FACTORS AFFECTING AMBIENT AIR SAMPLING AND MONITORING.



10.5.1	Meteorological.



10.5.1.1		Meteorological Parameters. 	Primary meteorological parameters to be considered in ambiet air sampling are:



Wind Direction

Wind Speed

Temperature

Atmospheric stability

Atmospheric pressure

Precipitation



	Wind direction is most critical and must be monitored an documented constantly during air sampling events. Large variations in samples can result from even momentary shifts in wind direction. Changes in wind speed alter the volatilization rates of liquid contaminants and concentrations of contaminants downwind of the source. Generally, increased wind speed increases volatilization of liquids at the source and may conversely decrease the concentration of volatile downwind of the source. Increased wind speed may have the opposite effect on non-volatile by increasing the amounts absorbed by particulate such as soil and dust. Increased wind speed facilitates transfer of a greater number of large particulate from the source.
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Figure 10-2 Particle Size Ranges for Aerosols, Dusts and Fumes



Source: Faith, W. L. and Atkinson, A. A., Jr.

�

Figure 10-1  Expected Air Pollutant Concentration Ranges for Various Air Matrices

	Higher temperature also increases volatilization. Both air temperature and solar radiation are factors, with solar radiation usually most critical, particularly for compounds with high vapor pressures.



	Atmospheric stability refers to vertical motions of the air.  When atmospheric conditions are unstable,  pollutants become more dispersed in the various vertical layers.  Under stable conditions, downwind concentrations are generally higher. 



	When monitoring sources such as landfills, atmospheric pressure is a significant factor, affecting the migration of gases through and out of the source.  Low atmospheric pressures favor increased volatilization rates.  Precipitation decreases overall airborne contaminants.  The highest concentrations of contaminants generally occur in the initial precipitation samples.  This is a result of particulate matter with its precipitate and gaseous contaminants being  physically scrubbed from the air by the precipitation.  Precipitation resulting in 100% humidity also significantly decreases particle transport by wind and volatilization rates.



10.5.1.2  Meteorological Measurements�tc  \l 4 "10.5.1.2  Meteorological Measurements"�.  For many  air dispersion modeling applications, meteorological parameters can be obtained from the National Weather Service, the National Oceanic and Atmospheric Administration (NOAA), National Climatic Data Center, and the Federal Aviation Administration (FAA).  These may be hourly observations, or may be readings taken every 5-15 minutes and calculated to an hourly average.  For certain applications, it may be necessary to set up a custom on-site monitoring program.  This is important if real-time analysis is needed, or if wind flow is significantly affected by the terrain.



10.5.1.2.1  Wind Measurements�tc  \l 5 "10.5.1.2.1  Wind Measurements"�.  Variable heating and cooling of the earth's surface is the primary cause of wind, water and climate.  Uneven heating results is hotter air near the equator and colder air near the poles.  A circulation pattern develops as hot air flows to the poles and colder moves towards the equator.  The rotation of the earth on its axis results in the Coriolis force which causes air flows in opposite directions in the northern and southern hemispheres.  The result is three bands of air flows in each hemisphere.  Near the equator and the poles, winds are generally from the east.  At the mid-latitudes they are generally from the west.  These are, however, only average conditions since winds rarely come from one direction for long periods, especially in the mid-latitudes.  Seasonal trends localized winds such as the Kona winds and "nor'easter" winds modify the generalities.



	 Wind direction and speed are critical parameters in predicting contaminant  path of travel, air concentration, and deposition rates.  Frequently, wind measurements are made at a height of 10 meters, or a height above ground equal to the height of the stack or source being measured.  It is very important that the structure supporting the monitoring equipment not in any way interfere with the wind sensors, nor should any other structure or topographical factors be close enough to interfere with accurate measurements.  The sensors are generally mounted on a thin mast above the tower at a height three times the lateral tower dimension.  For some models, wind direction standard deviation may be used.



	Either prop and vane or rotating cup type anemometers can be used to measure wind speed.  The cup anemometer has the advantage of being independent of direction, and can be calibrated to within 1% accuracy.  Slowing of wind speed with this type sensor can lead to 5-10% error if the sensor continues to rotate.  Vane type sensors must be damped to prevent over rotation, which results in an artificially high directional variation.



10.5.1.2.2  Temperature and Humidity�tc  \l 5 "

10.5.1.2.2  Temperature and Humidity"�.  For the purposes of most modeling, temperature and humidity measurements can be made which are representative  of hourly periods.  The sensors can be located at the height of the shelter, or about 1.5 meters.  For plumes, temperature is used to calculate the plume rise from buoyant sources.  If the contaminants of interest are also hygroscopic, a humidity measurement is also required.  Sensors should be protected from direct solar radiation and the build up of heated air within the shielded area.  This can often be done  by aspirating the air flow over the sensors.  



	Sometimes it is desirable to measure the temperature at two levels, usually between 2 and 10 meters, and use the temperature difference to determine the degree of atmospheric stability or surface inversion.



	For dry deposition measurements, it is often necessary to know air humidity, surface wetness, amount and type of precipitation, and the chemistry of the precipitation. 



10.5.1.2.3  Total Incoming Solar Radiation�tc  \l 5 "10.5.1.2.3  Total Incoming Solar Radiation"�.  Total incoming solar radiation includes both direct and diffuse radiation.  One instrument for measuring solar radiation is a pyranometer which consists of a surface with a series of thermojunctions painted optical black and reference junctions painted white.  When solar radiation strikes the surface, a temperature difference is recorded.  The junctions are protected from the atmosphere by a glass dome.



10.5.2  Topographical Factors�tc  \l 3 "10.5.2  Topographical Factors"�.  Mountains, hills, valleys, lakes, and seas can significantly affect wind direction and the dispersion patterns of air pollutants. Wind generally flows along the axis of valleys with bi-directional distribution.  At night, colder air flows down the slope into the valley creating thermal inversion of the air.  The result is increased pollutant concentrations in the valley due to decreased vertical  air dispersion.  During the daytime hours, the effect is reversed but to a lesser degree.



	Near oceans and large lakes, the differences in daytime and nighttime temperatures result in bi-directional wind changes.  During the day, the wind generally moves from the cooler body of water toward the land in an upward motion.  At night as the land mass cools, the effect is reversed producing "land breezes", which are not as strong.



10.5.3  Atmospheric Turbulence�tc  \l 3 "10.5.3  Atmospheric Turbulence"�.  Atmospheric turbulence refers to the various sized swirls of motion (eddies or eddy currents) present in the atmosphere.  It is the combined result of mechanical mixing due to irregular air flow over roughness elements on the surface of the earth, and buoyant effects resulting from heating and cooling of the earth’s surface and surrounding air masses.



10.5.3.1  Mechanical Turbulence�tc  \l 4 "10.5.3.1  Mechanical Turbulence"�.  Mechanical turbulence occurs as air flows over rough or irregular surface elements.  Roughness of surface features largely determines the size of eddies and their effective atmospheric height.  Forests, mountains, and high rise cities create large eddy turbulence, while turbulence over plains and other flat areas is generally small. High wind speeds over rough surface elements also create high turbulence.  Mechanical turbulence can also be generated from shear motion as a faster moving air mass moves past a slower one.  Near the ground where air flow is slowed by surface friction, shear forces are common.



10.5.3.2  Buoyant Turbulence�tc  \l 4 "10.5.3.2  Buoyant Turbulence"�.  Buoyant turbulence is the result of warm air rising and being replaced by cooler downward moving air.  The warm air results from UV radiation heating the ground which then heats the surrounding air through convection from the ground and radiant heat in the form of infrared radiation.  Buildings, parking lots, industrial processes, fuel combustion, and heating and air conditioning systems contribute greatly to positive buoyant turbulence.  At night, replacement of warm air near the ground by cooler air results in negative buoyant turbulence.  A simplified model of buoyant turbulence is a slow-motion picture of gently boiling water.



10.5.4  Thermal Gradients�tc  \l 3 "10.5.4  Thermal Gradients"�.  Due to heating and cooling of the earth’s surface and surrounding air �layers, and the decrease of atmospheric pressure with vertical height, vertical temperature gradients result. Conventionally, if temperature decreases with height, the vertical temperature gradient is negative.  If temperature increases with height, the gradient is positive. 



	Positive gradients are called "inversions" and are considered very vertically thermally stable.  Negative gradients form vertical columns of rising air called "thermals".  The rising air is replaced by sinking surrounding air creating a swirl effect.  This is considered to be an unstable condition.



	The magnitude of temperature change over the vertical height compared to a standard heating/cooling rate of about 0.01oC per meter in dry air is used to evaluate atmospheric vertical thermal stability.  The standard heating\cooling rate for dry air is called the dry adiabatic lapse rate.  Vertical temperature differences more positive than the dry adiabatic lapse rate indicate vertical thermally stable atmospheres. Those less positive are considered unstable.



	The effects of thermal gradients and altitudes on plume shapes from continuous release sources are shown in Figure 10-3.



10.5.5  Atmospheric Layers�tc  \l 3 "10.5.5  Atmospheric Layers"�.



10.5.5.1  Boundary Layer�tc  \l 4 "10.5.5.1  Boundary Layer"�.  The layer of atmosphere influenced by ground conditions is known as the boundary layer.



10.5.5.2  Gradient Wind�tc  \l 4 "10.5.5.2  Gradient Wind"�.  The free flowing wind above the boundary layer is the gradient wind.



10.5.5.3  Mixing Layer�tc  \l 4 "10.5.5.3  Mixing Layer"�.  The top of a neutral or unstable surface air layer is called the mixing layer. For stable surface air layers such as inversions, the mixing layer is undefined.



10.5.6  Extraneous Contaminant Sources�tc  \l 3 "10.5.6  Extraneous Contaminant Sources"�.  Extran�eous back�ground contamination can come from many sources.  Incidental atmospheric contaminants such as auto�mobile exhaust or exhaust from a gasoline powered generator can render samples useless.  Minute incidental contaminants on the large surfaces of containers and sorbents used to collect or concentrate samples can also pose significant problems.  Because inadvertent contamination, it is imperative that all sampling equipment be scrupulously clean and many types of blanks run.  Sampling and sample handling procedures must also be meticulous to detail. 



10.5.7  Time Resolution of Sensors�tc  \l 3 "10.5.7  Time Resolution of Sensors"�. Time resolution is the time required for a real-time sensor, recording insitu  measurements,    to  reach  90%   of  the   final
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Figure 10-3  Effects of Thermal Gradients and Altitudes on Plumes from Continuous Release Sources

to an incremental change in contaminant concentration.  This is an important criteria to consider when selecting monitoring equipment for a specific application. 



10.5.8  Placement of Samplers and Monitors�tc  \l 3 "10.5.8  Placement of Samplers and Monitors"�.  Siting requirements for sampling devices and monitors vary greatly depending on the type of source, type of monitoring, data quality objectives, and duration of the sampling or monitoring event.  In general, care should be taken to maximize the representativeness of the data and minimize artifacts and effects resulting from poor collector or sensor placement.



	When collecting air samples to determine the effect of an operation or facility on air quality, there must be at least one upwind sample taken to deter�mine background ambient air conditions.  The arrange�ment of downwind samples should vary depending on site conditions and project objectives.



	Since the movement of airborne contaminants depends on weather conditions, the weather must be monitored during sampling.  If there is a significant change in wind direction, samplers must be moved to maintain the proper upwind-downwind arrangement.



	Because sampling equipment is often exposed to the elements, and operates for extended periods of time, it should be checked fre�quently to ensure proper operation.  It should also be placed in a secured area.



10.6  AIR SAMPLING GENERAL TERMS�tc  \l 2 "10.6  AIR SAMPLING GENERAL TERMS"�.



10.6.1   Whole Air Versus Component Samplers�tc  \l 3 "10.6.1   Whole Air Versus Component Samplers"�.  Whole air samples are collected in various types of plastic bags, glass globes, or metal canisters with polished inside surfaces.  Component samples are collected by passing the air stream through either a filter device, a trapping liquid, or a solid sorbent media.



10.6.2  Real Time Versus Integrated or Composite Samplers�tc  \l 3 "10.6.2  Real Time Versus Integrated or Composite Samplers"�.  Field or "real time" sampling refers to a variety of methods, using specific detectors, which can quickly survey an area of interest.  Often these measurements are used to determine the placement of time integrated samplers which collect samples for analysis in the laboratory.  A grab sample may also be referred to as a real-time sample since the duration of collection is usually under a minute.



	Composite or time-integrated samplers collect a sample or data over a specified time period, either continuously or periodically.



10.6.3  Active Versus Passive Samplers�tc  \l 3 "10.6.3  Active Versus Passive Samplers"�.  Samples may be collected in either an active or passive mode.  Active air samplers use a pump or vacuum to pull ambient air through the monitor or collection media. Passive samplers allow ambient conditions to diffuse the sample through the monitor or the solid adsorbent material which may be covered with a membrane or plastic film.  The samples diffuse through the membrane and are adsorbed onto the solid media.



10.7  STRATEGIES FOR ASSESSMENT OF AIR POLLUTION EMISSIONS�tc  \l 2 "10.7  STRATEGIES FOR ASSESSMENT OF AIR POLLUTION EMISSIONS"�.  Several approaches exist for evaluating emission of air pollutants.  The method of choice depends on the end use of the data, data quality objectives, availability of sampling equipment, accessibility of sources, and recommendations of the regulatory agencies.  EPA has published a four volume series for air pathway analysis (APA).  These documents, Air/Superfund National Technical Guidance Study Series, Vols. 1-4 are recommended for details on the various sampling methods.  Sampling and Analysis of Airborne Pollutants edited by Eric D. Winegar and Lawrence H. Keith also provides guidance in this area. 



10.7.1  Direct Assessment�tc  \l 3 "10.7.1  Direct Assessment"�.  Generally, it is preferable to measure emission rates directly rather than determine downwind mass/volume concentrations, the reason being that the data has more versatility for use in various modeling applications, where changes in parameters such as meteorological conditions can be evaluated.  Direct measurements are also more useful for determining long-term effects, determining national priority list (NPL) status for pollutants, and meeting permitting requirements.  They are most useful for volatile contaminants.  The preferred EPA method for these measurements is to set up an isolation flux chamber or enclosure over a small surface area of the emission site.  This method is recommended for:



land surfaces

non aerated, non mixed liquid surfaces

aerated, mixed liquid surfaces

fugitive emissions from processes including leaks in seams, valves, ports, and controllers



	Depending on the type of source, the concentration of emitted gas is measured from the emitting surface, or from a source outlet line.  From a variety of parameters, the relative concentration, or emission flux is determined.  The emission flux is the rate of emission/area/time.  Combination of measurements from several monitoring sites can be used to determine emission rates for the overall site.  It is advisable that real-time monitors also be used and the data correlated with the flux chamber data.  This method has several advantages:

Advantages:

cost effective

simple equipment requirements

all measurements direct

no models or estimates required

generally better quality data

no upwind contamination and few meteorological interferences



Disadvantages:

not always possible

primarily used for volatiles materials

must exercise caution in data extrapolation



10.7.2  Indirect Assessment�tc  \l 3 "10.7.2  Indirect Assessment"�.  The indirect assessment approach uses a variety of samples from different ambient locations relatively close to the source to estimate concentrations via dispersion modeling equations.  There are many models available, some developed for stack emissions, and others for area sources.  The type of model determines the placement of samplers and weighing of sample data.  The models are designed to determine parameters such as downwind concentrations (sometimes at different heights), concentrations directly over the source, and general area concentrations. 



Advantages:

can be done where direct measurements are not feasible or possible

virtually any volatile or particulate species can be evaluated

not dependent on emission measurements

analyte measurements depend on analysis technique and sampling media



Disadvantages:

meteorological conditions play a major role and must be relatively stable for valid data collection

possibility of upwind contamination

lower concentrations of analytes due to mixing   and dispersion forces

possibility of air flow interferences by  topographical features

can be costly to perform

complexity of sampling devices

long term sampling may be difficult due to changing meteorological and atmospheric conditions

labor and analysis intensive

much more difficult to evaluate specific areas within a site 



10.7.3  Air Monitoring and Dispersion Modeling�tc  \l 3 "10.7.3  Air Monitoring and Dispersion Modeling"�.  In this method, measurements are generally made further downwind of the source, and the data are used in a customized site-type model to estimate overall site concentrations.  For this type of determination to be accurate meteorological and topographical factors must be accurately evaluated in the model.  Modeling guidance can be found in  the EPA Superfund Exposure Assessment Manual,  Appendix J gives a brief description of EPA and other air pollution models.  After a model is chosen, an estimate is made of source emission and downwind concentrations.  The predicted and actual downwind concentration data are compared and source concentration is iteratively varied within the modeling equations until the data fit the equations for source and downwind concentrations. From the iterative process, the actual source emission concentration is thus estimated.



Advantages:

can be done at greater distance from the source

exact data on source emission not required



Disadvantages:

dispersive forces result in concentrations being lower further from source

the fit of the model to the actual conditions is critical 

because the process is iterative, the uncertainty may be large



10.7.4  Predictive Modeling�tc  \l 3 "10.7.4  Predictive Modeling"�.  This method is based on choosing an emission model for a specific source type. Data for these models are usually obtained from literature, estimated, or calculated.  For better accuracy, some data may need to be determined experimentally.  The method is useful when used for screening or when an assessment does not require a high degree of confidence.



Advantages:

fast 

inexpensive

requires little or no field measurement

useful screening tool



Disadvantages:

provides estimate only

fit of site source and model critical

can be very inaccurate



10.8  FIELD SAMPLING INSTRUMENTS/ EQUIPMENT�tc  \l 2 "10.8  FIELD SAMPLING INSTRUMENTS/ EQUIPMENT"�.



10.8.1  Field Measurement Instrumentation�tc  \l 3 "10.8.1  Field Measurement Instrumentation"�.  Instru�ments have been developed for field operations to allow real-time measurement of air quality.  Most are meters which measure analyte concentrations by passing a stream of air through the detector for a finite time interval.  Others monitor continuously and sound an alarm when a pre-set concentration level is reached, or monitor over a given time period and determine a time weighted average exposure.



	Before using any field instruments the following factors must be considered:



All field instruments have limitations based on functional design or manufacturer quality control.

Safety must always be considered to ensure that the chosen instrument is compatible with the potential hazard.  For example, many instruments are capable of detecting explosive hazards, but not all are safe for operations under these conditions.  If the atmospheric concentration is potentially greater than 25% of the lower explosive limit, the meter itself must be certified safe for operation.  Agencies certifying equipment safety include Factory Mutual (FM), Underwriters Laboratory (UL), and Mine Safety and Health Administration (MSHA).

Although equipment accuracy may be certified within set limits by the manufacturer or the National Institute of Occupational Safety and Health (NIOSH), whenever possible, equipment should be calibrated before and after use.  For some instruments calibration in the laboratory may be acceptable and will save time and inconvenience in the field.
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Operators should be thoroughly familiar with the instrument and operating instructions before use.  Always read or review the manual prior to using an instrument in the field.



Advantages:

Immediate readout

Portability



Disadvantages:

Response usually is not specific to a single chemical

Detection limits are generally in the range of acute health effects (i.e., instruments may not have the sensitivity needed to measure low concentrations of pollutants)

Relatively expensive com�pared to sample collection equipment

Quality control can be difficult because it is hard to run blanks and calibration samples in the field

Changes in temperature and humidity may affect the sensitivity and accuracy of the instruments



	Field monitoring instruments are widely used for air monitoring in emergency situations where it is important to know whether the air is safe to breathe or whether a respirator will have to be worn.  They are also widely used for screening to determine approximate concentration levels and the number and placement of other types of samplers.  The following sections describe the common types of instruments used to monitor various air contaminants.



10.8.1.1  Volatile Organic Chemicals (VOCs)�tc  \l 4 "10.8.1.1  Volatile Organic Chemicals (VOCs)"�. VOCs include natural gas, gasoline, and solvents.  These chemicals can evaporate to form an explosive mixture in air and may be toxic at lower concentrations.  The following analytical instruments have been developed as portable devices which can be taken into the field for air monitoring.  Each instrument is calibrated by determining the response of the detector to clean (unpolluted) air and to air containing a known concentration of a VOC.  When the instrument is used to monitor polluted air, response should depend on the type and concentration of VOCs present.  Table 10�1 is a list of commercially available portable VOC detection instruments.



10.8.1.1.1  Photo Ionization Detector (PID)�tc  \l 5 "10.8.1.1.1  Photo Ionization Detector (PID)"�.  A PID contains a miniature lamp which emits a very short wavelength ultraviolet radiation.  Inside the instrument, a small air pump continuously draws ambient air through a tiny chamber which is flooded with ultraviolet light (See Figure 10-4).  If the radiated energy is higher than the ionization potential of a particular organic chemical in the sample, the chemical will be ionized.  The chamber also con�tains two electrodes charged to a high voltage and attached to a sensitive current measur�ing device.  When ions are formed, electric current flows between the electrodes in propor�tion to the number of ions in the air.  The instrument display has units of parts-per-million (ppm), which should be interpreted as the equivalent response to the cali�bra�tion gas, not the ppm of unknown VOCs in the air.  Table 10-2 lists the relative response of a PID instrument to different organic chemi�cals in air. 



Advantages:

Stable, calibration remains fairly constant

Easier to ship, no flammable gas is required

Sensitive to commonly encountered VOCs, such as gasoline

Not affected by presence of methane in air



Disadvantages:

Sensitive to high humidity

Problems when used in below freezing temperatures

Bulb must be cleaned occasionally

Response to various chemicals depends on the photoionization potential of the chemical and type of bulb used

Detection limit generally 2 or 3 ppm VOCs (higher for VOCs not easily ionized by UV light)

Not specific to a single chemical



10.8.1.1.2  Flame Ionization Detector (FID)�tc  \l 5 "10.8.1.1.2  Flame Ionization Detector (FID)"�.  A FID works by using the contaminated air to burn hydrogen in a flame within the instrument.  When most organic vapors burn the residue contains positively charged carbon-containing ions which are attracted to the negative collec�ting electrode in the chamber.  As the ions are collected, a current is generated which corresponds to the concentration of vapor present.  The amount of current is shown on the instrument display. The rela�tive instrument response to different VOCs is summarized in Table 10-3.



Advantages:

Response is less a function of the particular chemical than with the PID

Less sensitive to moisture than the PID



Disadvantages:

Need hydrogen for flame

Sensitive to methane, which can mask the presence of toxic VOCs.  Special methane filters are available

Detection limit generally 2 or 3 parts per million VOCs in air



10.8.1.1.3  Infrared Radiation Absorbance Detector�tc  \l 5 "10.8.1.1.3  Infrared Radiation Absorbance Detector"�. Although VOC vapors are transparent to visible light, they will absorb infrared radiation.  This detector passes ambient air through a beam of infrared light.  The extent to which the different wavelengths of light are absorbed depends on the chemical present and its concentration.  Because different chemicals have different absorbance spectra, the infrared radiation detector can be used to selectively measure specific chemicals.  Some analyzers contain a library of calibration data for common gases and vapors, and have the capability to store data for multi user-calibrated gases.



Advantages:

Specific for particular chemicals, since different VOCs have different infrared radiation absorbance characteristics



Disadvantages:

Detection limit may be higher than the PID or FID (for instance, for xylene it is about 10 ppm)



10.8.1.1.4  Indicator Tubes�tc  \l 5 "10.8.1.1.4  Indicator Tubes"�.  Indicator tubes are small glass tubes filled with a porous material coated with a reagent.  When air is drawn through the tube, the chemical of interest reacts with the reagent, resulting in a color change.  The length of filler that changes color depends on the concentration of the chemical of interest.  Indicator tubes are available for both volatile organic and inorganic chemicals such as ammonia, hydrogen sulfide, sulfur dioxide, nitrogen dioxide, etc.  Indicator tubes are available for use with hand-operated pumps (which draw the required amount of air through the tube in a minute or less), battery-operated pumps (which draw the required amount of air through the tube over an 8 hour period to provide a measurement of average air concentration), and diffusion tubes (which depend on the diffusion of the chemical into the tube over an 8 hour period).



Advantages:

Inexpensive

Direct readout



Disadvantages:

Sensitivity limited to concentrations of chemicals that cause acute symptoms, hence not sensitive enough for environmental sampling where chronic effects are important

Limited accuracy (±20-50%)

Not completely selective:  Although tubes are designed to detect single chemicals, other chemicals present in the air may affect readings

Wet (foggy) weather and low temperatures can affect reading accuracy

Limited shelf life:  Each sampling tube must be used within a few months to a year of being purchased, depending on tube type

�	Table 10-1  Commercially Available Portable VOC Detection Instruments



Model number,

Manufacturer�Detection

Principle�Range: ppm�Sensitivity�Response time�Accessories�Calibration techniques�Applicable

Methods��550, 551,555, 580 (AID, Inc.)�PID, FID�0-200

0-2,000

0-10,000�0.1 ppm at 0-200 ppm�<5 seconds��Bag sampling���OVA 108, 128

(Century Systems Inc., Foxboro)�FID�0-10

0-100

0-1,000

0-10,000

0-100,000�0.2 ppm (Model 128)



0.5 ppm

(Model 108)�2 seconds�Thermal desorbers available



Optional GC available�Direct Injection

Bag Sample���TVA-1000

(Foxboro)�PID/FID

Combination�ppm��2 seconds�Barcoding software�Gas cylinder

�Method 21��Micro FID

(PhotoVac)�FID�ppm��2 seconds�Bar coding software�Bag sample�Method 21��PI-101

(HNu Systems)

�PID�1-20

1-200

1-2,000�0.1 ppm low molecular weight aromatics�<5 seconds�3 lamps available:

9.5 eV (aromatics)

10.2 eV (hydrocarbons)

11.7 eV (halocarbons)�External gas cylinder

Bag Sample���TIP (Photovac)�PID�0-2,000�0.05 ppm benzene�3 seconds��Bag sample���Miran (Foxboro)�Infrared Radiation�ppm to %�1 ppm�1 to 40 seconds��Bag sample����Detector tubes

(Dr@ger; Sensidyne; Matheson)�Colorimetric tubes - length of color change�ppm�Depends on chemical�20 - 60 seconds�Different tubes available for many different VOCs and inorganic volatile chemicals�����ChromAir (Gilian)�Colorimetric badge - color change of sensor dots at various concentra�tion ranges�ppm�Depends on chemical�8 hour�Different badges available for a limited number of VOCs and inorganic volatile chemicals����

�Table 10-2  Relative Response of PID Detector

��������

	Chemical�Relative Response���

Chemical�Relative Response����	10.2 eV

lamp�	10.6 eV

lamp���	10.2 eV

	lamp�	10.6 eV

	lamp��Acetone�0.63�0.452��Isopropyl alcohol�0.10�0.046��Benzene�1.00�1.000��Methane�0.00�0.000��Ethane�0.00�0.000��Methyl ethyl ketone

(2-Butanone)�0.57�0.099��Ethylene�0.00�0.043��Propylene�0.40�0.454��Ethylene oxide�0.10�0.130��Toluene�1.00�0.814��n-Hexane�0.22�0.085��1,1,2-Trichloroethylene�0.89�0.734��n-Heptane�0.17�0.147��m-Xylene�1.12�0.900��Isobutylene�0.70�0.589������

Source: 10.2 eV: HNu Operating Manual.  10.6 eV: Photovac TIP(  Operating Manual.

	



Table 10-3  Relative Response of FID Detector   

������	Chemical�Relative Response�     �	Chemical�	Relative Response��	Acetone�	0.60��Isopropyl alcohol�	0.65��	Benzene�	1.50��Methane�	1.00��	n-Butane�	0.50��Methyl alcohol�	0.15��	Carbon tetrachloride�	0.10��Methyl ethyl ketone

(2-Butanone)�	0.80��	Chloroform�	0.65��Methyl isobutyl ketone�	1.00��	Ethane�	0.90��n-Pentane�	1.00��	Ethyl alcohol�	0.25��Propane�	0.64��	Ethylene�	0.85��Toluene�	1.20��	Ethylene Oxide�	0.70��          �          ��

Source:  Century Systems OVA Operating Manual

�10.8.1.1.5  Explosimeter�tc  \l 5 "10.8.1.1.5  Explosimeter"�.  Explosimeters operate by passing an electric current through a platinum wire, causing it to heat up and glow.  As air is passed over the hot wire, any VOCs in the air are oxidized on the surface of the wire.  Oxidation increases the temperature and electrical resistance of the wire, resulting in a decrease in the current. 



Advantages:

Rugged

Sensitivity to VOCs is in the percent range, which is relevant to explosive mixtures

Does not work if the concentration of oxygen in the air is abnormal; most explosimeters include an oxygen meter to assure that oxygen is present at proper level

Not sensitive to the presence of VOCs at low levels that may still present toxicity hazards



10.8.1.2  Hydrogen Sulfide (H2S)�tc  \l 4 "10.8.1.2  Hydrogen Sulfide (H2S)"�.  H2S is a toxic volatile gas with a permissible exposure limit of 10 ppm in air.  Though hydrogen sulfide has a strong odor of rotten eggs, exposure to it for more than a few minutes desensitizes the nose, so the odor cannot be used as a reliable indicator of the presence of hazardous concentrations.  A portable H2S meter has an electro�chemical detector designed specifically to react to the gas.  The meter is calibrated by testing air known to contain 10 ppm of H2S.



10.8.1.3  Carbon Monoxide (CO)�tc  \l 4 "10.8.1.3  Carbon Monoxide (CO)"�.  CO is a colorless and odorless toxic gas.  Portable CO detectors have an electro-�chemical cell which reacts specifically to CO.  Combination meters are available which have sensors for explosive gas mix�tures, oxygen, hydrogen sulfide, and CO.  Such meters are commonly used to check air quality in confined spaces prior to entry.  CO can also be measured by non-dispersive infrared spectroscopy.



10.8.1.4  Particulates�tc  \l 4 "10.8.1.4  Particulates"�.  The Occupational Safety and Health Administration (OSHA) permissible expo�sure limit for particulates is 15 mg/m3.  Portable meters are available that work by passing a stream of air through a light beam and measuring the amount of light bouncing off particles present.  The resulting measurement indicates the concen�tration of particles in the air.



Advantages:

Real time data

Portable



Disadvantages:

Sensitive to fog and other aerosols

Not size specific for dust particles

Not easily calibrated in the field



10.8.1.5  Mercury Vapor�tc  \l 4 "10.8.1.5  Mercury Vapor"�.  Mercury vapor detectors are used primarily to provide guidance on whether respirators are needed in areas where mercury has been spilled.  Detectors work by exposing a gold foil to a flow of contaminated air. Mercury vapor present in the air is absorbed by the foil, changing its electrical resistance.  Approximately 40 ten-second samples containing 100 µg Hg/m3 may be taken before the sensor reaches saturation.  At that point, a ten-minute heat cycle is manually activated to clear the accumulated mercury from the foil.



Advantages:

Specific to mercury

Portable

Real-time data (response time one to ten seconds)

Detection limits adequate for work place monitoring (one to ten µg/m3)



Disadvantages:

Not easily calibrated

Quality control, via blanks and spike samples, is difficult in the field

Specific only to atomic mercury fumes, vice organic mercury compounds which are even more toxic



10.8.1.5.1  Ozone�tc  \l 5 "10.8.1.5.1  Ozone"�.  Ozone can be measured as a grab sample or by real-time continuous monitoring using established ultraviolet (UV) methods.



10.8.1.5.2  Nitrogen Oxides�tc  \l 5 "10.8.1.5.2  Nitrogen Oxides"�.  In air free of aerosols and condensed phase atmospheric water, a variety of nitrogen oxide and oxyacid species can be analyzed  using methods based on the chemiluminescent reaction of these compounds with ozone.  Determination of NO2 is not highly reliable because of the products of the catalytic conversion reaction used in the chemiluminescence method.  Gaseous nitric acid can be determined by this method in real-time, or in 15-30 minutes by collection on filter packs on the surface of diffusion denuders.



10.8.1.5.3  Sulfur Dioxide �tc  \l 5 "10.8.1.5.3  Sulfur Dioxide "�(SO2).  Sulfur dioxide can be measured using flame photometric detection (FPD) after removal of aerosols by filtration onto materials that are SO2 inert such as Teflon® or acid treated quartz.



10.8.1.5.4  Ammonia (NH3)�tc  \l 5 "

10.8.1.5.4  Ammonia (NH3)"�.  There are several methods available for measuring ammonia, but most have considerable limitations.



10.8.1.5.5  Computer Software and Bar Code Readers�tc  \l 5 "10.8.1.5.5  Computer Software and Bar Code Readers"�.  Many equipment manufacturers offer computer software, bar code tags, and bar code readers to facilitate documentation and record keeping.  Using these accessories, data can be logged by the instrument and downloaded for computer tracking systems.  Hard copies of records can then be generated.  Bar code systems are extremely useful when many emission sources must be tracked.



Advantages:

More effective record keeping

Less sampler time required



Disadvantages:

Higher initial cost



10.9  SAMPLES COLLECTED FOR LABORATORY ANALYSIS�tc  \l 2 "10.9  SAMPLES COLLECTED FOR LABORATORY ANALYSIS"�.  Some samples can be collected and analyzed without field concentration.  These survey samples are useful particularly for screening purposes.  In other cases, the desired analytes are reactive compounds, present in very low concentrations.  They may be distributed between two or more phases (gases, liquids, solids).  Because most sampling devices disturb the phase equilibria, it is not always possible to determine analyte distribution between the phases.  Since the analyte concentrations may be very low, it is generally necessary to concentrate the compounds of interest by filters (solid phase samples) or sorbent materials (gaseous or liquid phase samples).  



	The low detection limits required for ambient air data can generally be achieved only with sensitive laboratory instruments using complex analytical proced�ures.  Performing analyses under controlled laboratory conditions also better supports the Quality Assurance program required to ensure the accuracy of data.  Air sampling procedures have been developed to enable representative samples of air or contaminant(s) of interest to be delivered to the laboratory for analysis.  

10.9.1  Whole Air Samples�tc  \l 3 "10.9.1  Whole Air Samples"�.  Collection of whole air samples is the simplest sampling technique.  For this method, a sample of air is collected in a bag, jar, or canister, and the container is delivered to the laboratory.



	A major concern with this type of air sample is the loss of the chemical of interest due to adsorption on, or permea�tion through the container walls.  Chemical reactions with the container walls and photochemical reactions induced by sunlight are also a concern for some compounds.  It is import�ant that the holding times be minimized and that the samples be analyzed as soon as possible.  For very reactive or low concentration components this is not a suitable method.

	CAUTION

�seq Figure  \* Arabic  \r0�0�



At very high concentrations (e.g., several ppm) condensation may be a problem.  Due to these limitations,  this method should be used only for very stable volatile and semi-volatile organic chemicals such as hydrocarbons and chlorinated hydrocarbons with boiling points less than 150° C.



	The following sections describe procedures which may be used to collect whole air samples, and Figure 10-5 illustrates various types of whole air samplers. 



10.9.2  Bag Samples�tc  \l 3 "10.9.2  Bag Samples"�.  Flexible bags for the collec�tion of whole air samples are available in several different plastic materials including Tedlar®, Teflon®, Mylar® and Saran®.  Bag sampling is very useful in emergency situations where light weight and simplicity are an advantage and where the holding time will be very short.



Advantages:

Light weight

Easily transportable

Inexpensive



Disadvantages:

Short holding times:  Leakage and/or permeation of chemicals into and out of the bag is a common problem.  Therefore, flexible bags should not be used for sampling for very low levels of air pollutants.  Flexible bags are generally used to collect grab air samples to be analyzed within a few hours.

	CAUTION

�seq Figure  \* Arabic  \r0�0�

Cleanliness:  Even new bags can be a source of contamination.  Their cleanliness should be verified by blank analysis prior to use.  Bags to be reused must be thoroughly cleaned by multiple evacuations and fillings with clean air.  Cleanliness of each bag should then be verified before use.  Cleanliness requirements depend on the concentration of the chemical to be measured and the analy�tical method.  Reuse of flexible bags is not recommended when sampling for very low levels of organics.

Complicated field procedures:  Additional equipment is required to fill flexible bags, including a vacuum pump and a hard-sided sampling box.  An empty bag is put into the box and the inlet of the bag is attached to the sampling port of the box.  The valve on the bag is then opened and the box is sealed.  The vacuum pump is used to pull air out of the box, which reduces the pressure around the bag, causing it to fill with ambient air.  The box is then opened and the valve on the bag is closed.  The bag is then removed from the box, labeled, and delivered to the laboratory.

Transparent:  Exposure to sunlight may cause photo-induced reactions of the chemicals in the air.  Must store in darkness (e.g., wrap in black plastic bags).

Reactivity:  Some polymeric bag materials are reactive with certain compounds.



10.9.3  Glass Globe Samplers�tc  \l 3 "10.9.3  Glass Globe Samplers"�.  Evacuated glass bulbs have been used extensively to collect whole air samples.  



Advantages:

Ease:  Simple to use when collecting grab samples; just open the valve to let air into the globe, close the valve, and deliver globe to the laboratory

Cleanliness:  Easily cleaned in the laboratory; should remain clean in storage

Holding times:  Neither absorption nor leakage is a significant problem, so holding times are longer than with flexible plastic bags



Disadvantages:

Weight:  Heavier than plastic bags

Fragile:  Subject to breakage in use and transportation

Transparent:  Exposure to sunlight may cause photo-induced reactions of the chemicals in the air; must store in darkness (e.g., wrap in black plastic bags)

Reactivity:  Surfaces can be reactive to some compounds



10.9.4  Metal Canister Samplers�tc  \l 3 "10.9.4  Metal Canister Samplers"�.  Stainless steel canisters, made less reactive by depositing a pure chrome-nickel oxide on the interior surface (Summa® polishing process), offer many advantages for collecting whole air samples.  Pre-evacuated, the canisters are used in one of two ways.  EPA Standard Sampling Method TO-14 presents detailed proced�ures for both sub-atmospheric sampling and pressurized sampling using evacuated canisters.



Sub-atmospheric sampling.  A canister is evacu�ated to 0.05 mm Hg.  When opened to ambient air, the differential pressure causes air to flow into the canister.  This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-integrated samples (duration of 12 to 24 hours) taken through a flow-restrictive inlet.  A mass flow controller can maintain a constant flow rate from full vacuum to within about one psi or less below ambient pressure.  With a critical orifice flow restrictor, a decrease in the flow rate occurs as atmospheric pressure approaches.

Pressurized sampling.  A metal bellows-type pump forces ambient air into an evacuated canis�ter until pressure in the canister reaches 15 to 30 psig.  For instance, a six liter evacuated canister can be filled at ten cm3/minute for 24 hours to achieve a final pressure of about 21 psig.  This sampling technique is the TO-14 method most often used. 



Advantages:

Holding time:  Canisters are not subject to sample permeation or photo-induced chemical effects (Sample integrity of trace level organic compounds stored in Summa® pol�ished canisters has been demonstrated for up many chemicals for up to 30 days.)

Reusable: Can be reused after a cleanup procedure

Cleanliness: Generally, does not absorb contaminants, so it is relatively easily cleaned (It is, however, suggested that canisters used for high concentration samples should not be reused for very low concentration sampling.  New canisters should be checked for cleanliness before use.)

Rugged:  Not readily breakable

Sampling period: Can be used to collect either grab samples or samples over a 24 hour period

Available in larger sizes than glass globes



Disadvantages:

HeavyExpensive�

�



Figure 10-5  Whole Air Samplers

10.9.5  Sample Concentration Methods�tc  \l 3 "10.9.5  Sample Concentration Methods"�.  The low detection limits required for ambient air data can be obtained by selectively removing the chemicals of interest from a measured volume of air and submitting the concentrated sample to the laboratory for analysis.  When obtaining any sample by selectively removing and concentrating the components of interest from a large volume of air, it is extremely important to remember that other undesirable things may also be concentrated such as background artifacts and water vapor.  Because these undesirables may make subsequent analysis difficult or impossible, every effort should be made at the sampling stage to eliminate or minimize their inclusion.The following sections describe some of the sample concentration methods commonly used, and Figure 10-6 illustrates various air component concentration samplers.



10.9.5.1  Volatile and Semi-Volatile Organics�tc  \l 4 "10.9.5.1  Volatile and Semi-Volatile Organics"�. Methods of sample collection and analysis of organic compounds are driven primarily by the volatility and polarity of the compounds of interest.  Volatile organic compounds (VOC's) have vapor pressures >10-2 kPa.  In general they are compounds with molecular weights less than C10 hydrocarbons.  Semi-volatiles are in the vapor pressure range of 10-2 to 10-8 kPa.  Non-volatiles have vapor pressures <10-8 kPa.  Various collection methods are used including adsorption on solid sorbent media, chemical reactions that form non-volatile products, and cryogenic freezing from the air.  Generally, compounds with moderate to high vapor pressures are concentrated from a large volume of air on a solid sorbent material.  Compounds with low vapor pressure are often associated with particulates, making some type of filtration followed by a vapor trap the preferred method of collection.  

	Very polar compounds are difficult to sample and analyze quantitatively.  They adhere tenaciously to the walls of sampling containers and solid sorbent media.  



	Organic compounds in soil atmospheres can be sampled by boring small diameter holes in the soil to a depth of three or more feet.  Plastic tubes with perforations at their base are placed into the holes.  A peristaltic pump is then attached between the open end of tubes and a or Tedlar® sampling bag.



	The following sub-paragraphs explain some methods used to collect and concentrate organic components from ambient air.



10.9.5.1.1  Passive Sampling Badges�tc  \l 5 "10.9.5.1.1  Passive Sampling Badges"�.  A passive sampling badge consists of a solid adsorbent material covered with a membrane or plastic film.  The chemicals of interest diffuse through the membrane and are adsorbed by the material inside the badge.  The samp�ling badge is then put into a non-permeable (foil lined) pouch or plastic container and sent to a laboratory for analysis.  At the laboratory, the absorbing material is treated with solvents or heat to remove the chemicals of interest.



Advantages:

Simple:  no pumps, hoses, or batteries required

Portable:  can be attached to a worker's collar to measure the actual air breathed 

Several types of badges are available for different chemicals:

Volatile organic chemicals 

Formaldehyde -  0.1 to 5 ppm

Glutaraldehyde - 0.2 to 5 ppm

Mercury vapor - detection limit < 0.05 mg/m3



Disadvantages:

High detection threshold:  Suitable for work place exposure studies where the decision criteria are based on acute health effects (Not suitable for most ambient air sampling)

Accuracy:  ±25%

Requires 8 hour sampling period

Not suitable for sampling for semi-volatile organic chemicals



10.9.5.1.2  Active Air Samplers�tc  \l 5 "10.9.5.1.2  Active Air Samplers"�.  These samplers use a pump to pull ambient air through the collection media.  Sampling pumps are classified as high flow (500-3000 cubic centimeters/min) or low flow (50-200 cc/min).  Flow rates should be maintained within +5% of set rate. Pump features may include:

diaphragm or piston - type of pumping action 

flow regulator

rotameter or strokes counter to measure flow rate or sample volume

pulse dampener to smooth flow rate

timing mechanisms

safety features for use in flammable or explosive atmospheres.



	Various collection techniques are used to remove the chemicals of interest from the air.  The EPA standard methods for sampling ambient air are listed in Table 10-4.  For information on the use of the EPA sampling methods, see Table 10-5, Methods TO-1 to TO-13 and Appendix K, EPA Emission Test Methods Under Title 40.

 

Advantages:

Chemicals of interest are concentrated, resulting in improved detection limits

Standard methods have been defined and validated

Samples are collected over long periods to obtain data on average contaminant levels



�



Figure 10-6A  Air Component Concentration Samplers



�



Figure 10-6B  Air Component Concentration Samplers



Disadvantages:

Air flow may change over time - need wind speed and direction data throughout sampling period

Complex equipment is used, which increases the likelihood of sampling errors

A source of power may be required for the air sampling pumps



10.9.5.1.3  Solid Sorbents�tc  \l 5 "10.9.5.1.3  Solid Sorbents"�.  Solid sorbents are the primary collection means used to remove volatile and semi-volatile organic chemical vapors from air.  Typically, large volumes of air are passed through a series of cartridges containing an inert adsorbing powder or foam.  The organic chemicals are adsorbed from the air onto the surface of the adsorbent material.  The laboratory removes the adsorbed chemicals by using solvents or heat.



	Unfortunately, solid sorbents are not selective for particular chemicals.  Since all organic chemicals are adsorbed, the material may become saturated before the end of the sampling period and fail to adsorb all of the chemicals of interest from the air.  This potential problem is controlled by using several sorbent cartridges in series.  If the analysis of the last cartridge does not find any of the chemical of interest, it was either not present in the air or completely adsorbed by the material in the preceding cartridges.



	A wide variety of solid sorbent materials have been developed for air sampling, such as:



Organic Polymers, including:

Tenax®.  Tenax® resin (2,6-diphenylene oxide polymer) is used in air sampling for volatile organic chemicals with boiling points between 35° and 100° C (molecular weights ranging up to several hundred AMU).  Use of Tenax® is specified in EPA Method TO�1 and in stack sampling Method 0030. Tenax® must be specially pro�cessed before use to remove interfering chemicals.  The processing procedure is specified in Method 0030 &3.1.

Amberlite® XAD-2.  XAD-2, used in air sampling for polynuclear aromatic hydrocarbons, is specified in the following EPA sampling methods:

Method TO-13

Method 0010 (Modified Method 5 Sampling Train) for stack samples

Method 0020 for stack samples

	XAD-2 resin, as supplied by the manufacturer, is impregnated with a bicarbonate solution to inhibit microbial growth during storage. Both the salt solution and any residual extractable monomer and polymer species must be removed before the resin is used.  Appendix A to EPA Method 0010 gives detailed procedures for preparing XAD-2 sorbent resin.

Thermosorb/N.  Thermosorb/N is used to sample for N�Nitro�so�dimethylamine.

Polyurethane foam.  Polyurethane is used to remove semi-�volatile chemicals such as pesti�cides, PCBs, and dioxins from large volumes of air, achieving a very low detection limit.



Inorganic Powders, including silica gel, Porasil® and Florisil®, alumina and inor�ganic molecular sieves.  These materials are considerably more polar than organic poly�meric sorbents and thus capture polar com�pounds.  However, the inorganic powders can become deactivated by adsorbing water from the air.  Silica gel will adsorb com�pounds such as alcohols and phenols and other oxygen-containing compounds such as esters, aldehydes, and ketones.  Florisil® has been used to collect chlorinated pesticides and PCBs from air.



Carbon Adsorbents.  The carbon materials are much more adsorbent than are the organic poly�mers, and therefore allow efficient collection of highly volatile materials such as vinyl chloride, benzene, and toluene.  However, the strong adsorption of carbon adsorbents can be a disadvantage in cases where recov�ery by thermal desorption of less vola�tile materials such as benzene or toluene is desired because of the high temperatures required (e.g., 400° C).



There are a variety of carbon based adsorbents available with widely varying adsorption properties.  The commonly avail�able classes of carbon adsorbents include:



Carbon Molecular Sieves.  Sold under trade names such as Spherocarb®, Carbosphere®, Carbosieve®, and Ambersorb® XE�347, these materials have been used to sample air for very volatile organic chemicals such as vinyl chloride, ethylene dichloride, and methylene chloride.

Carbonaceous polymeric adsorbents are available from Rohm and Haas Chemi�cal Company under the trade names Ambersorb® XE-340, XE-347, and XE�348.  XE-340 appears to be useful for volatile compounds in the C4 to C6 boiling point range, a volatility range not covered by organic polymeric adsor�bents such as Tenax®.

Activated carbon.  Conventional activated carbons have a microporous structure which leads to difficulty in recovering adsorbed materials.  Therefore, this material is rarely used as a sampling media.



Chemical Derivitization Techniques.  Ambient air can be exposed to a chemical reagent that reacts with the volatile organic chemical of interest, forming a non-volatile product trapped in the sampling device.  The reagent can be in solution in a liquid impinger or "bubbler" or can be adsorbed on the surface of a porous solid. Liquid impingers require considerable glassware that must be specially cleaned, and the liquids must be handled in the field under difficult conditions.  In addition, the impinger may have to be immersed in a bath of ice water to prevent the evaporation of the adsorbing liquid.  



Table 10-4  Collection Methods for Toxic Organic Air Contaminants����	Sampling Media��	EPA Method��Solid adsorbent�����Tenax®�TO-1; 0030���Amberlite® XAD-2�TO-13; 0010; 0020���Thermosorb/N�TO-7���Carbon molecular sieve�TO-2���Silica gel (Porasil®; Florisil®)�none���Polyurethane Foam�TO�4; TO�9; TO�10; TO�13��Chemical Derivation�����Reactive coating on solid matrix�TO-11���Liquid impingers�TO-5; TO-6; TO�8���Cryogenic trapping�TO-3; TO-12���Nebulization/Reflux Concentration�Non Specified���seq Figure  \* Arabic  \r0�0�

		Integrated sample collection and derivitization of carbonyls with 2,4-dinitrophenyl hydrazine (DNPH) is a particularly good example of the utility of concentration and derivitization methodology.  Interest in determining carbonyl compounds (aldehydes and ketones) in ambient air has increased because these compounds are important in many photochemical reactions.  They are sources of free radicals and precursors to oxidants such as ozone and peroxycarboxyclic nitric anhydrides (PANs).  They are also sources of organic aerosols, and products of hydrocarbon oxidation.  Additionally, carbonyls are produced in auto exhausts and are present in other naturally occurring and man-made processes.



		They are generally difficult to sample and analyze because their concentration is normally very low, and there are interferences from other compounds such as ozone.  While the DNPH methodology can be used in an impinger set-up, it is not the most effective procedure.  It suffers from many of the limitations of all impinger methods, and additionally is difficult to control for quantitative recovery of carbonyls due the competing processes of derivative formation and analyte volatility during the short solution-analyte contact time.



		Use of cartridges of solid sorbents coated with DNPH provide much higher collection efficiencies for carbonyls.  A variety of sorbent media can be used including:  silica gel, glass beads, glass fiber filter, XAD-2 resin, Florisil®, Chromosorb P®, Carbopak B®, and C18 coated silica.  The solid sorbent method results in much better sensitivity by providing an in-situ analyte concentration in the sample.  Although the solid phase method is much superior to the impinger method, the sampling is not without problems such as:

incomplete collection

reactivity of carbonyls

surface adsorption of carbonyls

artifact and interfering compound formation

blank contamination

variable rates of formation of derivatives for various compounds

interference of ozone and sulfur dioxide



Nebulization/Reflux Concentration:  This method is a modification of the bubbler/impinger methodology.  In this case, instead of bubbling the air sample through the liquid scrubbing solution, the liquid is nebulized to a fine mist inside a glass bulb.  Air is introduced through a small orifice located in close proximity to the nebulization tip Analytes of interest in the air flowing through the mist are transferred to the mist droplets.  In the fine mist state, the surface area for analyte contact is greatly increased, resulting in significantly improved collection efficiencies.  A non-wettable filter (usually Teflon®) collects and coalesces the mist back into the bulb while passing scrubbed air out.  The liquid scrubber solution can either dissolve the analytes of interest or chemically derivatize them.



�	Table 10-5  EPA Standard Air Contaminant Sampling Methods for Toxic Organic Compounds

����Method

Number�	Description�	Types of Compounds Determined��TO-1�Tenax® GC adsorption and GC/MS analysis�Volatile, nonpolar organics (e.g., aromatic hydrocarbons, chlorinated hydrocarbons having boiling points in the range of 80° to 200° C��TO-2�Carbon molecular sieve adsorption and GC/MS analysis�Highly volatile, nonpolar organics (e.g., vinyl chloride, vinylidene chloride, benzene, toluene) having boiling points in the range of -15° to +120° C��TO-3�Cryogenic trapping and GC/FID or ECD Analysis�Volatile, nonpolar organics having boiling points in the range of -10° to 200° C��TO-4�High volume PUF sampling and GC/ECD analysis�Organochlorine pesticides and PCBs��TO-5�Dinitrophenylhydrazine (DNPH) liquid impinger sampling and HPLC/UV analysis�Aldehydes and ketones��TO-6�Aniline liquid impinger with High Performance Liquid Chromato�graphy (HPLC)�Phosgene��TO-7�Thermosorb/N adsorption�N-Nitrosodimethylamine��TO-8�Sodium hydroxide liquid impinger with High Performance Liquid Chromato�graphy (HPLC)�Cresol, phenol��TO-9�High volume Polyurethane Foam (PUF) sampling with High Resolution Gas Chromatography/High Resolution Mass Spectrometry (HRGC/HRMS)�Dioxins (Polychlorinated dibenzo-p-dioxins);

Polychlorinated dibenzofurans��TO-10�Low volume Polyurethane Foam (PUF) sampling with Gas Chromatography/ Electron Capture Detector (GC/ECD)�Pesticides��TO-11�DNPH coated adsorbent cartridge followed by High Performance Liquid Chromatography (HPLC) detection�Formaldehyde��TO-12�Cryogenic Preconcentration and Direct Flame Ionization Detection (PDFID)�Non-Methane Organic Compounds (NMOC)��TO-13�PUF/XAD-2 adsorption with Gas Chroma�to�graphy (GC) and High Performance Liquid Chromatography (HPLC) detection�Polynuclear Aromatic Hydrocarbons (PAHs)��

Source:	Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air.  EPA/600/4�89/017.  NTIS PB90-127374.

�Cryogenic trapping.  The collection of organic chemicals from ambient air is an attractive alternative to adsorption or whole air collection. The disadvantages of various cryogens are listed in Table 10-6.  A primary disadvantage of most cyrogenic methods is the tendency for water to condense with the sample.



		The design of a suitable sample trap is extremely important in cryogenic sampling.  The residence time must be great enough to cool the air stream and condense the chemical of interest. The trap material must be able to withstand the wide temperature range involved in the sample process. The trap must also be appropriate for the recovery step, allowing efficient recovery without loss or contamination of the sample.  For highly volatile chemicals, it may be necessary to include an adsorption medium such as silica gel to obtain satisfactory collection efficiency.



Table 10-6  Cryogens Used in Air Sampling���Cryogen�Disadvantages��Liquid nitrogen�Not acceptable because large quantities of air will condense��Liquid oxygen�Satisfactory, except fire hazard��Liquid argon�Satisfactory, except for relatively high cost��Ice water�Not cold enough for collecting organics in ambient air except for relatively nonvolatile compounds��Dry ice/ solvent�Should be employed with caution because of the high probability of contaminating the sample with relatively large quantities of the solvent���seq Figure  \* Arabic  \r0�0�

		A simplified cryogenic Pre-concentration, Direct Flame Ionization Detection (PDFID) method (Method TO-12) has been developed and recommended for use by state and local air pollution control agencies in developing their ozone control plans.



10.9.5.1.4  Mult-Functional Portable Commercial Samplers�tc  \l 5 "10.9.5.1.3.  Mult-Functional Portable Commercial Samplers"�.  Commercial samplers are available which combine capabilities for collection of multiple bag and sorbent tube samples.  Some also have an easily portable weather station capable of monitoring wind speed, wind direction, temperature, relative humidity, barometric pressure, precipitation, and solar radiation.



10.10  SOLID PARTICULATES�tc  \l 2 "10.10  SOLID PARTICULATES"�.  Many toxic chemicals present in ambient air are associated with solid particulates or aerosols.  Organic chemicals, such as semi-volatile organics and polar compounds, may adsorb to particulates or condense to varying degrees and exist in a complex dynamic solid-vapor equilibrium with particu�late matter.  Volatile metals, such as cadmium and lead, in stack gases may condense on the surface of particu�lates.  Some toxic chemicals such as asbestos are present in ambient air only as particulates.  Air sampling for particulates uses filtration, centrifugation, or impaction to remove particles from the air (See Figure 10-7 for example of a typical particulate sampler).  Certain adsorbed chemicals may evaporate off the surface of the particles during the capture process.  Therefore, there is often the need for a gas phase collection device (e.g., adsorbent, impinger, etc.) downstream from the particulate capturing device.  Analysis of both collection media should be necessary to determine the total amount of chemical present in the ambient air, but the results may not reflect the actual phase distribution of the chemical in the air.



10.10.1  Filtration�tc  \l 3 "10.10.1  Filtration"�.  The most common method for collecting particulates is filtration.  Many filter media with different filtration characteristics are available.  The most commonly used media are:



Cellulose fiber (e.g., Whatman No. 41 filter paper)

�

Figure 10-7 Particulate Sampler

Glass or quartz fiber - withstand higher temperatures, less affected by moisture in the air, and have higher collection efficiencies than cellulose filters.  However, they have less strength and are more expensive than cellulose filters.

Membrane filters (cellulose esters, Teflon®, nylon, etc.) - have a well defined pore size, but are limited to low flow-rate sampling.  Many membrane filters will dissolve in solvents.  This may be an advantage or disadvantage depending on the chemicals of interest.

Nucleopore filters - have well-defined pore sizes but are expensive and are limited to low volume sampling.



	A variation on fiber filters is the thimble filter which uses a filter paper thimble filled with fluffed cotton.  For high temperature gases, an aluminum thimble replaces the paper thimble.



	The EPA has specified the use of fiberglass filters for the collection of total suspended particulates in the following standard reference methods:



Total Suspended Particulates in Air:  The standard EPA reference method is specified in Appendix B to 40 CFR Part 50.  This procedure requires that air be drawn for 24 hours through a fiberglass filter with a flow rate of 1.1 to 1.7 cubic meters per minute.  The filter must have an area of 63 square inches and must be 99% efficient in removing aerosol droplets 0.3 micrometers in diameter.  The filter is weighed before and after use to determine the net weight gain.  The approximate concentration range of this method is 2 to 750 micrograms per standard cubic meter.

Lead in Total Suspended Particulates:  The standard EPA reference method is specified in Appendix G of 40 CFR Part 50.  This method collects particulates from air using the procedure described in Appendix B of 40 CFR Part 50 for total particulates.  Acid is used to extract the lead from the particulates on the filter and the concentration of lead in the acid is measured in the laboratory.  This method has a range of 0.07 to 7.5 micro�grams lead per cubic meter.



10.10.2  Centrifugal Collection and Impaction�tc  \l 3 "10.10.2  Centrifugal Collection and Impaction"�.  EPA ambient air standards for particulates are based on the concentration of particles having an aerodynamic diameter of less than 10 micrometers.  Particles larger than this are not trapped in the lungs and are, therefore, less hazardous to heath.  Methods for collecting size fractionated particulate samples generally use cyclones (centrifugal collectors) or impactors.  Both of these devices collect particles of a specific size range based on the design of the apparatus.  Cyclones tend to have a rather broad size cut; impactors have a much sharper size cut.



Table 10-7  Liquid Absorbers Commonly Used in Gas or Vapor Sampling

Absorbing Liquid�Gas/Vapor Absorbed��0.1N H2SO4�Bases and Amines��0.1N NaOH�Acids and Phenol��0.1N HCl�Nickel Carbonyl��Alkaline CdSO4 (CdSO4 NaOH)�Hydrogen Sulfide��Methylene Blue�Hydrogen Sulfide��1% KI in 0.1N NaOH�Ozone��Nitro Reagent

(4-nitropyridyl propylamine in toluene)�Di-isocyanates��0.3N H2O2�Sulfur Dioxide��0.1% Aniline�Phosgene��1% NaHSO2�Formaldehyde��Distilled Water�Acids and Bases���seq Text_Box  \* Arabic  \r0�0�

	Impactors/Impingers.  Impactor-type collectors function based on the different momentum of gases and particulates in a flowing stream.  The separation is achieved by forcing the stream onto a solid surface where the aerosols are deposited.  The solid surfaces may be a baffled chamber, slotted plate, channels, or other obstructive arrangement.  The primary use is separation of mists from gases.  Table 10-7 lists liquid absorbers commonly used in gas or vapor sampling.



	Cyclone Collectors.  The cyclone is one of the most common types of solid particle collectors.  It is an inertial, centrifugal separation which separates particles by whirling them in a cyclonic motion in a conical shaped collection device.



	PM10/PM2.5 Separators.  These devices separate particles in broad cuts of <10 microns and/or <2.5 microns.  They are frequently used preceding one or more filter packs.



	In Appendix J of 40 CFR Part 50, the EPA specifies the use of centrifugal collectors for the determination of PM10 particulate matter in the atmosphere.  PM10 is defined as particles having an aerodynamic diameter less than or equal to 10 micrometers.  Samples are collected for a period of 24 

hours by drawing ambient air into a specially shaped inlet where the suspended particulate is inertially separated into one or more size fractions within the PM10 size range.  Each fraction is then collected on a separate fiberglass filter weighed before and after use to determine the net weight gain due to collected PM10.



10.11  OTHER DEVICES USED TO COLLECT AEROSOLS�tc  \l 2 "10.11  OTHER DEVICES USED TO COLLECT AEROSOLS"�.



Wet Collectors.  These use a finely dispersed liquid to increase size of aerosol particles.



Electrostatic separators.  These use high voltage to ionize aerosols and then coalesce and collect them.  For the method to be effective, the aerosol must have a suitable ionization potential.  The method works well for acid mists, but poorly for compounds such as carbon black.

  

10.12  SPECIFIC APPLICATION OF GAS AND AEROSOL TECHNOLOGIES - DRY DEPOSITION  SAMPLING�tc  \l 2 "10.12  SPECIFIC APPLICATION OF GAS AND AEROSOL TECHNOLOGIES - DRY DEPOSITION  SAMPLING"�.  The concentration and rate of deposition of gases and particulates from the atmosphere are a matter of extreme concern because the concentration of these materials in the atmosphere significantly affects the dispersion or disposition of other atmospheric pollutants.  In recent years, the EPA, National Park Service, and some states have set up multiyear monitoring programs to build databases to assess dry deposition fluxes.  Monitoring of this type is most frequently done at a number of sites  simultaneously.  Meteorological parameters and topological features are extremely important considerations for correct interpretation of dry deposition data.



	A number of types of collection devices are used to collect dry deposition samples, often in sampling trains, where the air passes from one collector to the next.



	Cellulose, Glass Fiber, and Polymeric Filters.   Filters of this type can be used with or without chemical impregnation to selectively remove particulates of a certain size range or specific analytes.  They can be used individually, or in combination in two or three stage filter packs for the following separations:  



Teflon® membrane filters which separate particles under 10 microns (PM10) or 2.5 microns (PM2.5)

Nylon filters to remove NO2 gas

Cellulose filters impregnated with 15 weight percent potassium carbonate and 5% glycerol in water for SO2

Cellulose filters impregnated with 25 % citric acid and 5% glycerol in water for NH3

Cellulose filters impregnated with 25% TEA , 4% ethylene glycol, 25% acetone in 46% water for NO2



	Frequently, several types of filters with different chemical selectivities may be combined in a filter pack.  Filter packs consist of a holder constructed of inert material which will not absorb acidic gases (preferably Teflon®), which has a tapered end to fit the sampling collector.  In the bottom of the holder is a support structure topped by a grid screen which supports the first stage filter disk.  This is topped by a Viton® o-ring, another support grid screen and the second stage filter disk.   After the desired number of stages are assembled, a retaining device fits into the top of the filter pack.  Filter packs may be used either in-line with the sampler, or with one side open.  Generally,  a better distribution of collection is obtained when one face of the sampler is open.



	Great care must be taken in cleaning, preparation, handling, assembly, and field procedures with filter packs.  Contamination is a significant concern.  In choosing filter materials, the following factors should be considered:



Physical and mechanical durability of material

Chemical stability

Sampling efficiency for analytes of interest

Resistance to flow (back pressure level)

Adequacy of loading capacity

Ease of obtaining pure blanks 

Tendency to produce artifacts

Compatibility to sampling and analytical methods

Cost

Commercial availability or ease of preparation



	Denuders.  Denuders are generally glass tubes which are coated on the inside with a thin film of adsorbent chemical specific for collection of certain gaseous analytes.  Sometimes, the tube may also be packed with beads which are also coated.



10.13  STATIONARY SOURCE EMISSION SAMPLES�tc  \l 2 "10.13  STATIONARY SOURCE EMISSION SAMPLES"�.  Stack, vent, and duct samples are collected to evaluate the concentration of hazardous chemicals and particulates emitted into the air.  Emission testing may be done to:



Comply with a set of regulatory requirements

Provide emission test data for a regulatory request

Collect information for control equipment design specifications

Determine control equipment efficiencies

Acquire emission inventory data for historical, contaminant reduction, or process control purposes



	Sources may range from large stacks to small vents.  Sources can include:



Process gas streams

Control device inlet ducts

Area ventilation sources

Storage tank vents

Material handling systems

Surface impoundments and landfills

Pumps, valves, flanges, and other devices with seals



	Basic sample collection principles are the same as those used for ambient air.  However, the high velocity and high temperature of stack gases and some other stationary emission sources requires that special procedures be used to obtain representative samples.



	Many stationary emission sources can now be monitored continuously rather that by discrete samples.  Continuous Emission Monitoring Systems (CEMS) can collect more data than discrete samples, and digitized dataloggers can provide a variety of sampling time intervals.



	For any stationary source monitoring program, end use of data, data quality objectives, and QC requirements must be considered.  Frequently, screening test may be needed to determine the long range testing plan.  All monitoring and measuring equipment must be kept in good working order and must be calibrated to traceable standards where applicable.



	Table 10-8 provides guidance on QA and QC requirements for stationary source testing.  Table 10-9 provides guidance on report formats for stationary source testing.



10.13.1  Special Problems in Stack Vent and Duct Sampling�tc  \l 3 "10.13.1  Special Problems in Stack Vent and Duct Sampling"�.  Collecting samples from stack emissions requires procedures to address the following problems:

Non-uniform Conditions Across Stack Vent or Duct.  One cannot assume that the stack gas is the same in the center of the stack, vent or duct as it is near its walls.  Therefore, the gas must be collected at various locations across the source to ensure the sample is representative of the average conditions in the source.

Velocity Effects at Sampling Orifice.  The tip of the sampling probe or nozzle can cause turbulence in the stack, vent or duct gas that can deflect particles away from the probe, resulting in an invalid sample.  It is important that the flow rate and flow direction of the sampled gas passing through the probe nozzle tip opening be the same as that in the source in order to mini�mize the turbulence caused by changes in gas flow at the tip of the probe.  When the gas flow rate and flow direction through the nozzle tip is equal to the flow rate of gas passing through the source, the sampling conditions are isokinetic.

Condensation in Sampling Probe.  High temperature gas in a stack, vent or duct may contain concentrations of water and chemicals that could condense out before reaching the sampling equipment if the gas is allowed to cool in the sampling probe.  Therefore, precautions must be taken to maintain the temperature of the gas in the probe, while cooling the gas and condensing out the moisture as necessary in the sampling equipment to ensure sampling effectiveness.  Temperature in the sampling line must be held above the dew point of the normally gaseous components.

Corrosivity of Stack Gases.  Since stack gases are frequently corrosive, sampling devices must be made of non-corrosive materials.

Collector Efficiency.  Generally, collectors should be at least 95% efficient unless the reproducibility of samples is very high and representative of the gas stream.

Sample Collector Orientation.  The long axis of the sampling head must be parallel to the direction of gas flow.

Total Gas Flow.  For accurate quantitation, the total gas flow must be determined.  Volume of gas flow is usually determined by traversing the cross section of the stack, vent or duct using a Pitot tube to obtain gas velocity.  Velocities calculated from the Pitot tube readings are averaged and multiplied by the cross sectional area of the source to obtain the gas volume.



Figure 10-8 shows a typical sampling apparatus for stack gases.



10.13.2  Specified Procedures�tc  \l 3 "10.13.2  Specified Procedures"�.  In order to ensure the accuracy of reported stack, vent or duct sampling data, the EPA specifies the sampling procedures in great detail.  Table 10-5 lists the EPA standard procedures and the chemicals measured by each. The sampling equipment is available from a number of commercial suppliers, and the methods should be followed precisely.  The following sections summarize stack sampling methods that the EPA has developed for hazardous waste incinerators.







�Table 10-8  QA and QC General Checklist for HAP Emission Testing



Category�Sampling�Analysis�Reporting��Technical Responsibility�Yes�Yes�Yes��Quality Assurance Responsibility�Yes�Yes�Yes��Data Quality Objectives�Yes�Yes�Yes��Quality Control Procedures�����    Equipment Calibration�Yes�Yes�No��    Sample Custody Chain�Yes�Yes�No��    Measurement Traceability�Yes�Yes�No��    Blanks�Yes�Yes�No��    Control Checks��Yes�No��    Calibration Standards��Yes�No��    Storage Time�Yes�Yes�No��    Sample Spikes�Optional�Yes�No��    Internal Standards��Optional�No��    Surrogates��Optional�No��    Replicates�Optional�Yes�No��    Linearity��Yes�No��    Leak Testing�Yes�Yes�No��    Data Review�Yes�Yes�Yes��Quality Assurance Procedures�����    System Audits�Optional�Optional�Optional��    Performance Audits�Optional�Yes�No��Written SOP�Yes�Yes�Yes��Documentation�Yes�Yes�Yes��

Source: Principles of Environmental Sampling, L. H. Keith, Ed., ACS Professional Reference books, ACS, 1988
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Table 10-9  Suggested Source Testing Report Format



Section�Topics��Cover�1.  Plant name and location

2.  Source(s) sampled

3.  Testing company or agency, and name and address��Certification�1.  Certification by team leader or technical management

2.  Certification by technical reviewer (e.g., P.E.)��Introduction�1.  Test purpose

2.  Test location(s) and type of process(es)

3.  Test dates

4.  Pollutants tested

5.  Observer's name and affiliations (industry and agency)

6.  Any other important background information��Summary of results�1.  Emission results, with tables and figures (wherever possible, these should contain coefficients of variation, standard deviations, and error bars)

2.  Process data as related to determination of compliance

3.  Allowable emissions

4.  Description of collected samples

5.  Discussion of errors, both real and apparent��Source Operation�1.  Description of process and control devices

2.  Process and control equipment flow diagram

3.  Process data and results, with example calculations

4.  Representativeness of raw materials, products and operation

5.  Any specially required operation demonstrated��Sampling and Analysis Procedures�1.  Sampling port location(s) and dimensioned cross section

2.  Sampling point description, including labeling system

3.  Sampling train(s) description

4.  Brief discussion of sampling procedures, with deviations from standard methods

5.  Brief discussion of analytical procedures, with deviations from standard methods��QA and QC Procedures�1.  Data quality objectives

2.  QC results for precision and accuracy

3.  Comparison of QC results with goals

4. Discussion of QA and QC documentation provided in the appendix to establish traceability to primary standards��Appendix�1.  Complete results, including sample calculations

2.  Raw field data (copies of originals)

3.  Laboratory reports, including chain of custody

4.  Raw production data signed by plant official

5.  Calibration procedures and results

6.  Test logs

7.  Project participants and titles

8.  Related correspondence

9.  Standard procedures (excluding 40 CFR 60 methods)��

Source: Principles of Environmental Sampling, L. H. Keith, Ed., ACS Professional Reference books, ACS, 1988

�seq Figure  \* Arabic  \r0�0�



10.13.2.1  Method 0010 - Modified Method 5 Sampling Train�tc  \l 4 "10.13.2.1  Method 0010 - Modified Method 5 Sampling Train"�.  Gaseous and particulate pollutants are withdrawn from an emission source at an isokinetic sampling rate and are collected in a multicomponent sampling train.  Principal components of the train include a high efficiency glass or quartz fiber filter and a packed bed of porous polymeric adsorbent resin (XAD-2).  The filter is used to collect organic-laden particulate materials and the porous polymeric resin to adsorb semi-volatile organic species.  Commercial models of this equipment are available.



� EMBED Word.Picture.6  ���

Figure 10-8  Sampling Apparatus for Stack Gases



Source: Faith, W. L. and Atkinson, A. A, Jr.

10.13.2.2  Method 0020 - Source Assessment Samp�ling System (SASS)�tc  \l 4 "10.13.2.2  Method 0020 - Source Assessment Samp�ling System (SASS)"�.  Particulate and semi-volatile organic materials are withdrawn from a source at a constant rate near isokinetic conditions and are collected in a multi-�component sampling train.  Three heated cyclones and a heated high-efficiency fiber filter remove and collect the particulate material from the sample and a cartridge containing 150 grams of XAD-2 resin.



10.13.2.3  Method 0030 - Volatile Organic Sampling Train (VOST)�tc  \l 4 "10.13.2.3  Method 0030 - Volatile Organic Sampling Train (VOST)"�.  This method collects a 20-liter sample of stack gas containing volatile principle organic hazardous compounds (POHCs).  The stack gas is col�lected at a flow rate of 1 liter per minute using a glass-lined probe and a Volatile Organic Sampling Train.  The gas stream is cooled to 20° C by passage through a water-cooled condenser.  Volatile POHCs are collected on a pair of sorbent resin traps.  Liquid condensate is collected in an impinger placed between the two resin traps.  The first resin trap (front trap) contains approximately 1.6 grams of Tenax® and the second trap (back trap) contains approximately 1 gram each of Tenax® and petroleum-based charcoal, 3:1 by volume.  The VOST is designed to be operated at 1 liter per minute with traps being replaced every 20 minutes for a total sampling time of two hours. Traps may be analyzed separately or combined into one trap to improve the detection limit.  Recent experience has shown that when less than maximum detection ability is required, it is acceptable and probably preferable to operate the VOST at 0.5 liters per minute for a total of three 40 minute periods.  This preserves the two hour sampling period, but reduces the number of cartridge changes in the field as well as the number of analyses required.



10.14  HAZARDS AND SAFETY PRECAUTIONS�tc  \l 2 "10.14  HAZARDS AND SAFETY PRECAUTIONS"�. The safety plan or Health and Safety Plan (HASP), as appropriate to the scope of the project, should address all anticipated hazards for each task.  The following is a short list of more common (and commonly overlooked) hazards associated with air sampling activities.  Refer to Chapter 3, Section 3.3.3 and Appendix D for specific hazard identification and appropriate reference for detailed control measures.



10.14.1  Environmental�tc  \l 3 "10.14.1  Environmental"�.  Safety precautions include a review of possible environmental hazards before entering the site and the use of proper clothing and equipment.  Workers performing stack sampling and air monitoring during emergency situations may be exposed to hazardous levels of air pollutants.  Therefore, the safety plan or HASP, as appropriate to the scope of the project, must specify what kind of real-time air monitoring will be performed, the action levels for the use of respirators, and the types of respirators to be worn if action levels are exceeded.  If there is a chance sampling personnel may be exposed to hazardous air, planning should include:



Staffing requirements for real-time air monitoring and personal protective equipment (PPE) support personnel

Use and availability of real-time air monitoring equipment, including calibration standards

Assignment of sampling personnel trained in the use of PPE and real-time air monitoring procedures, and medically approved for work in respirators



10.14.2  Stack, Vent, and Duct Sampling Safety�tc  \l 3 "

10.14.2  Stack, Vent, and Duct Sampling Safety"�.





WARNING





	Safety concerns are of critical importance in performing stack sampling due to the possi�bility of fume exposure, falling, dropping equipment on workers below, contact with hot surfaces, shock, and weather related hazards such as ice, snow, and rain.



	Procedures developed for each sampling task should carefully address all relevant safety issues, including criteria for use of PPE, such as fall protection lanyards and heat resistant (Nomex®) coveralls and gloves.



10.14.3  Instrument Hazards�tc  \l 3 "10.14.3  Instrument Hazards"�.  Gases used to calibrate and operate some instruments come in pressurized cylinders and many are flammable.  Proper care should be taken when handling these materials.  Light sources from some instruments can cause eye damage when viewed directly.



10.15  PREPARATION FOR AIR SAMPLING�tc  \l 2 "10.15  PREPARATION FOR AIR SAMPLING"�.



10.15.1  Role of the Sampler�tc  \l 3 "10.15.1  Role of the Sampler"�.  The role of sampling personnel is critical to the over all conduct of an air sampling program.  The role of sampling personnel is to:



Prepare or review Field Sampling Plan (FSP)

Be familiar with all required sampling protocols

Assemble and verify cleanliness and operational status of all required equipment

Calibrate, standardize and operate air quality monitors

Collect air data

Collect samples for specific emission activities

Ensure samples are properly preserved and transported to laboratory within holding times

Document and record all pertinent information



10.15.2  Guidelines for Air Sampling�tc  \l 3 "10.15.2  Guidelines for Air Sampling"�.  The FSP should specify when, where, and how air samples are to be collected.  Careful and complete planning is required to ensure needed equipment and trained personnel are available to perform the method of sampling needed to collect the desired data.  The following procedures should be followed when mobilizing for an air sampling program:



1.  	Review FSP and the safety plan or HASP.  Identify special equipment and associated security requirements.

2.  	Identify sampling locations and determine whether each presents a problem for access, security, or availability of required utilities.

3.  	Prepare a staffing plan, which includes a description of the responsibilities and required training for each of the sampling personnel.  For air samples collected over a long duration (8 to 24 hours), determine how many sampling personnel are needed to monitor air flows and equipment performance and how many security personnel are needed to ensure that the sampling equipment is not tampered with while operating.

4.  	Coordinate planning and scheduling with facility personnel to ensure access to sampling locations and availability of security personnel, utilities, respirator support personnel, and emergency support services.

5.  	Coordinate with the laboratory to ensure availability of its  services within holding time tolerances.  The laboratory may be able to provide significant support in preparing or furnishing sampling equipment and shipping containers.

6.  	Procure required sampling equipment, including:

Any required calibration standards

Additional sampling devices as required for blanks and duplicates and to allow for field breakage

Check sampling canisters to ensure shelf life has not expired

Check all battery powered pumps to ensure batteries are charged and will hold a charge

Check air flow measuring equipment to ensure operability

7.  	Procure all required PPE, including respirators and cartridges, real-time air monitoring equipment, and fall protection equipment (for stack sampling).

8.  	Check availability of weather data.  It may be necessary to install a portable weather station at the sampling site to obtain a record of wind speed and direction, temperature, humidity, air pressure, and precipitation events.

9.  	Ensure provisions are in place to monitor and record events that occur at the sampling location which might affect samples.  This includes any activities operating in close proximity which may affect sample integrity.  It is important that all unusual releases occurring while sampling be thoroughly documented as to time, location, duration, and types and quantity of chemicals released to the atmosphere.  Releases can include spills and an unusual amount of dust from facility operations or construction activities.

10.	Check the Field Sampling Forms to be sure that unique sample numbers have been assigned to each sample.  Double check that a sufficient number of sample canisters and other consumable equipment is available to cover sampling requirements.

11.	Obtain a Field Log Book/Field Notes.  Keep air monitoring field notes neatly and legibly in a legally defensible form.  When sampling begins, record in the Field Log Book/Field Notes, the start time, flow rate, weather conditions (ambient temperature, barometric pressure, humidity, etc.), locations of sampling equipment, and other pertinent information.  During sampling, check the weather conditions frequently and enter them in the Log Book.  Check the sampling equipment periodically.  Enter findings (e.g., sampler off, knocked over, etc.) in the Log Book.  If, at any time, the sampling equipment must be moved, note the time of the movement, the new locations, and the reasons for movement.  When sampling is completed, record the time and ending flow rate.  When using a multiple part form, place part of the form in the log book per the FSP or SOPs. Include calculations (such as the volume of air sampled, average flow rates, etc.) and pertinent observations.

12.	Ensure that all materials required for sampling are available in sufficient quantities for the planned work.

13.	Shipping:  Sample jars and cartridges must be packed with bubble wrap, styrofoam, vermiculite, or other cushioning material to prevent breakage during shipment to and from the site.



10.16  GENERAL AIR SAMPLING PROCEDURES�tc  \l 2 "10.16  GENERAL AIR SAMPLING PROCEDURES"�.  The validity of air samples depends on care taken to comply with the detailed sampling procedures, which includes equipment calibration, air flow measurements, and the col�lec�tion of weather data.  Variables such as the types of chemicals present in the air, on-site conditions and activities, and weather conditions can greatly affect sampling  performance.



	If the FSP specifies a standard EPA proce�dure, a complete copy of the procedure should be obtained and reviewed to ensure necessary equipment is available.



NOTE:

	Specified steps of the EPA procedure should be followed as exactly as possible.  Any devia�tions from the procedure should be noted in detail in the Field Log Book/Field Notes.



	The following sections describe the use of real-time air monitoring equipment and present introductory information on the use of cartridge samplers.  This information is included to assist in understanding the requirements of the detailed EPA procedures.  In all cases, the procedures specified by the FSP must be used.



10.16.1  Real-Time Monitoring�tc  \l 3 "10.16.1  Real-Time Monitoring"�.  Real-time air monitoring is mostly used for workplace and emergency response situations because detection limits are generally in the range of acute health hazards.  The calibration procedures, required maintenance, and limitations may differ among types, brand names, and models of field instruments.  Refer to Section 10.8 concerning safety precautions with field instruments.  



	NOTE:

	The use of real-time air monitoring equipment is not covered by EPA standard methods, therefore, it is important that the calibration and use of this equipment be thoroughly documented in the Field Log Book/Field Notes.  Information to be recorded depends on the type of sampling being performed.  Not all parameters are applicable for all types of sampling (e.g. ambient air, indoor air, and stack sampling have different data requirements), the following data categories are intended as guidelines.



	The Field Log Book/Field Notes is the primary record of the air monitoring data collected by real time air monitoring equipment.  The book should contain the following information:



Calibration.  Record the following information:

Time of calibration

Name and signature of the person doing the calibration

Equipment type, manufacturer, model, and serial number

Calibration standard (e.g., cylinder manufacturer, product number, serial number)

eV rating of bulb type (PID detectors)

All maintenance done on or repairs made to the equipment, including disassembly for cleaning, reason for repair, and description of work performed

All adjustments made to the equipment for proper calibration

Field readings.  Include the following information:



NOTE:

For equipment that has data-logging capability, include this measurement each time the event key is pushed and for each significant change in location or change in conditions that are noted.



Time of measurement

Instrument response (dial or display reading)

Event number (if used)

Location of measurement - include site sketch and indicate location with reference to fixed points

Weather information, including wind speed, temperature, precipitation, etc.

Description of circumstances that could affect the reading (e.g., downwind of heavy truck traffic, probe one foot above spill, downwind of momentarily opaque stack release, etc.)

Names of workers in the immediate area when the sample was collected

Any fault indication on the instrument display, including time of fault, and actions taken

Data log.  Some instruments store periodic measurements in an internal computer memory.  The memory includes the instrument reading, the time, and the status of an event key.  The stored information can be downloaded to a computer at the end of the day and then printed out.  A note should be made in the Field Log Book/Field Notes if data is downloaded and printed out.  The printout should then be annotated with data from the Field Log Book/Field Notes for each significant event (location change, reason for pressing event key, etc.) and signed by the person who performed the air monitoring.  The original of the annotated printout should be sent to the Program Manager or designee, with a copy being placed in the Field Log Book/Field Notes.



10.16.2  Real-Time Monitoring for Volatile Organic Chemicals (VOCs)�tc  \l 3 "

10.16.2  Real-Time Monitoring for Volatile Organic Chemicals (VOCs)"�.  Real time air monitoring for VOCs is performed to identify acutely hazardous conditions.  The data is used to determine whether respirators must be worn in the area (and if so, what kind), and to establish the limits of the Exclusion Zone where respirators are required and to identify if process equipment or waste containers need control devices.  Real-time monitoring can also be performed at site boundaries during emergency conditions to determine whether air leaving the site is hazardous.  Real-time VOC monitoring is also done to defend against litigation claiming personal injury as the result of negligence on the part of the supervisors.  Therefore, all monitoring must be done with attention to detail and with complete documen�ta�tion.



10.16.2.1  PID Operation�tc  \l 4 "10.16.2.1  PID Operation"�.   Operation of Photo Ionization Detectors varies depending on the manufacturer and is often complex.  Manufacturers may offer training sessions on their units.  Regulations may dictate instrumentation specifications as well.  See Chapter 14 for some examples of specific SOPs.



In general,  the steps required to operate a PID are as follows:



1.	PREPARATION.

	1.1	Ensure the instrument is adequately charged.

	1.2	Ensure the proper lamp is installed for detecting the chemicals of interest.

	1.3	Turn on the unit and allow it to warm up.

	1.4	Check for obvious operational problems and troubleshoot accordingly.  

	1.5	Check instrument settings and alarms and adjust accordingly.

	1.6	Check data logging functions for proper settings and operation. 

	1.7	Calibrate the instrument using the appropriate calibration gas. Note calibration in the Field Log Book/Field Notes.

	1.8	Obtain required spare parts and tools that may be required for field maintenance and troubleshooting.

	CAUTION
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2.	AIR SAMPLE MEASUREMENT

	2.1	Recheck calibration.

	2.2	Refer to paragraph 10.16.1 for required Field Log Book/Field Notes entries.



	For monitoring headspace (area close to liquid surfaces), take care always not to draw any liquid into the instrument. 



	2.3	Place the probe in the area of interest and monitor readings.  Allow adequate response time (about two times the instrument’s rated response time).

    

10.16.2.2  FID Operation.�tc  \l 4 "10.16.2.2  FID Operation."�  Like the PID, operation of Flame Ionization Detectors vary depending on the manufacturer and is often complex.  Manufacturers may offer training sessions on their units.  Regulations may dictate instrumentation specifications as well.  See Chapter 14 for some examples of specific SOPs.



	In general, the steps required to operate a FID are as follows:



1.	PREPARATION.

	1.1	Ensure the instrument is adequately charged.

	1.2	Ensure the Hydrogen gas cylinder is installed and contains an adequate quantity for sampling.

	1.3	Turn on the unit and allow it to warm up.

	1.4	Check for obvious operational problems and troubleshoot accordingly.  

	1.5	Check instrument settings and alarms and adjust accordingly.

	1.6	Check data logging functions for proper settings and operation. 

	1.7	Calibrate the instrument using the appropriate calibration gas. Note calibration in the Field Log Book/Field Notes.

	1.8	Obtain required spare parts and tools that may be required for field maintenance and troubleshooting.



2.  AIR SAMPLE MEASUREMENT.

	2.1	Recheck calibration.

	2.2	Refer to paragraph 10.16.1 for required Field 	Log Book/Field Notes entries.



CAUTION





	For monitoring headspace (area close to liquid surfaces), take care not to draw any liquid into the instrument.



	2.3	Place the probe in the area of interest and monitor readings.  Allow adequate response time (about two times the instrument’s rated response time).

  

10.16.2.3  Infrared Absorbance Spectrometer Operation�tc  \l 4 "10.16.2.3  Infrared Absorbance Spectrometer Operation"�. Infrared absorbance detectors must be calibrated to the specific chemical of interest.  Calibration procedures depend on the instrument.  In general, a calibration gas mixture is needed for each chemical to be measured.  The absorbance chamber must be flushed with clean air after each measurement to reset the zero point.  



	Calibration and maintenance procedures are depen�dent on the particular manufacturer and model of instrument used.  In general, the following items are required:



Spare battery

Battery charger

Spare particulate filter

Zero gas filter (filters all VOCs out of air to reset the zero point)

Calibration gas for each chemical to be measured



10.16.3  Hydrogen Sulfide, Carbon Monoxide, and Flammable Vapors Meters Operation�tc  \l 3 "10.16.3  Hydrogen Sulfide, Carbon Monoxide, and Flammable Vapors Meters Operation"�.  Combination meters are available that incorporate sensors for flammable vapors and oxygen levels.  Some of these instruments also have additional sensors for hydrogen sulfide, carbon monoxide, and/or other specific chemicals.



CAUTION





	Do not calibrate with air from inside a building. Outside air can be used to set the zero adjustment for flammable vapors and to adjust the oxygen calibration to 21%. Calibrate the explosimeter and other gas detectors at least once each day using gas from calibration cylinders. Follow the manufacturer's instructions for the particular instrument for calibration and maintenance.



CAUTION





	The sensor elements can be damaged by exposure to certain conditions, and will wear out.  Therefore, it is recommended that additional sensor elements be avail�able for use if the instrument loses sensitivity or cannot be calibrated.



	The following parts should be available when using these combination field instruments:



Extra particulate filters

Extra dry cell batteries

Calibration gas cylinders

Plastic bags for calibration procedure



10.16.4  Aerosol Meter Operations�tc  \l 3 "10.16.4  Aerosol Meter Operations"�.  Aerosol monitoring meters are generally calibrated in the factory once each year.  Field use requires checking battery status, and ensuring there is an indicator response when the unit is exposed to an aerosol such as smoke.



10.16.5  Mercury Vapor�tc  \l 3 "10.16.5  Mercury Vapor"� Meter Operation.  Mercury vapor monitoring instruments cannot be calibrated in the field, but a number of routine maintenance procedures are required to ensure satisfactory operation:



Battery - A backup battery should be available to replace the battery in the unit when it becomes low.  Rechargeable batteries should be fully charged when installed and allowed to discharge at least 95% before being recharged.

Regenerating gold film:  The reheating cycle that removes mercury from the gold film sensor requires about 15 minutes.  This procedure generally requires that a special filter be attached to the sampling port, and that the instrument be attached to line power.  The sensor should be regenerated:

Whenever the meter reading indicates that the sensor is saturated

At the end of each day's use

To reinitialize the system after long term storage

Remove system contamination:  All components in the flow system are subject to contamination from high mercury concentrations in the air.  To determine whether the instrument is contaminated, attach the filter to the inlet port and press the sample button three times.  If the instrument reading is not essentially zero, replace the filter with a new filter and press the sample button three times.  If the reading is still above zero, change the internal filter and tubing.  If the reading is still significantly above zero with the filter in place, return the unit to the manufacturer for service.



10.16.6  QC Sample Preparation of Passive Samplers�tc  \l 3 "10.16.6  QC Sample Preparation of Passive Samplers"�.  Quality control samples can be generated by exposing one sampler from each batch to a calibration gas for the normal sampling period.  To prepare a QC sample:



Open the sampler and place it in a plastic bag.

Empty the bag using a vacuum (or air sampling) pump.

Fill the bag with calibration gas from a cylinder.

Enter into the Field Log Book/Field Notes:

Sampler type, manufacturer, lot number

Date, time, person preparing the sample

Calibration cylinder manufacturer, type, lot number, label information on the concentra�tion of the chemical(s) of interest

Leave the badge in the bag for the normal sampling period, then remove and handle as a normal sample:

Assign sample number

Enter on Chain-of-Custody Record

Send to lab for analysis



	In addition, one blank sample should be submitted to the lab with each quality control sample.  To prepare a blank sample, perform all of the steps associated with the normal use of the sample, but do not expose it to contaminated air.



10.16.7  Sample Collection Using Active Samplers�tc  \l 3 "10.16.7  Sample Collection Using Active Samplers"�.  Active samplers pass a measured quantity of ambient air through a collection media such as a solid adsorbent, liquid impinger or parti�cu�late filter that is chosen for its ability to retain the chemical(s) of interest.  For each sample, follow the standard EPA (NIOSH) sampling method procedures.



�

Figure 10-9 Soap Bubble Air Calibrator

10.16.7.1  Measurement of Air Volume Sampled�tc  \l 4 "10.16.7.1  Measurement of Air Volume Sampled"�.  To obtain the proper results, the total volume of air sampled must be known.  The flow rate of air through the sampling media should be measured at both the beginning and end of the samp�ling period because the resistance of air through the sampling media may increase as it is exposed to con�tam�inated air, resulting in a decreased flow rate.  The sampling device should also be checked periodically to make sure that the sampling pump is working.  If the sampling pump is connected to line power and does not contain a timer, an inex�pensive clock should be connected to the same outlet to measure the duration of sampling if the power is interrupted.  The total amount of air that is sampled is calculated from the measured air flow rates and the sampling duration:



	Total Volume = Average Flow Rate X Time



10.16.7.2  Low Flow Rate Samples�tc  \l 4 "10.16.7.2  Low Flow Rate Samples"�.  The most common type of air flow measuring device for low flow rate air samples is the soap film calibrator as shown in Figure 10-9.  This device is placed between the sampling device and the air pump, and a soap film is created across the end of the straight glass tube.  This film acts as a frictionless piston, and moves up the tube as air is drawn through the calibrator.  The time required to move the film past two points on the tube is either measured with a stop watch or is detected by photoelectric cells in the device.



	Although this device is accurate, it is rather fragile and requires some practice to generate the soap films and to make the time measurements.  The photoelectric cell detectors may not function in bright sunlight, so this type of device might have to be shaded with a dark cloth or plastic bag during use.  After the air flow rate measurement is completed, the calibrator is disconnec�ted from the pump and the sample collection device and the pump are connected directly to the sampling device.



	The sample media used for low flow rate samples may consist of glass tubes that contain solid adsorbent media, midget impingers, or filter cassettes.  The air is drawn through the collection media using a portable air sampling pump.



10.16.7.3  High Flow Rate Samples�tc  \l 4 "10.16.7.3  High Flow Rate Samples"�.  Most high flow rate air sampling devices are equipped with a mano�meter or other flow rate indi�ca�tor.  The flow rate must be measured at the begin�ning and end of each sampling period and should be checked periodically during the sampling period.  The total volume is calculated by multiplying the aver�age flow rate by the sampling time.



10.16.7.4  High Flow Rate Sampling for Semi-Volatile Organic Chemicals�tc  \l 4 "10.16.7.4  High Flow Rate Sampling for Semi-Volatile Organic Chemicals"�.   The type of air sampler used should depend on the moni�tored contaminant.  Usually a two stage sampling system is used.  Air first passes through a borosilicate fiberglass filter which traps particulates and then passes through a cartridge containing polyure�thane foam (PUF) filters which trap semi-volatiles that are in the air or that evaporate off the particulates.



	At the completion of sampling, the sampling media must be carefully packed.  The fiberglass parti�cu�late filters should only be handled with stainless steel tweezers and non-powdered surgical gloves.  The filter should carefully be folded with the dirty side "in" so that it can fit into a sample jar.  The PUF filters should also be handled carefully.  If there is more than one in the cartridge, they should be packed in the sample jar in the same order they were stacked in the cartridge.  Some PUF cartridges are designed so that the entire cartridge can be sealed and shipped for analysis.



	If the particulate filter and the PUF filters are placed in separate jars, each jar should be given a separate sample number and the Chain-of-Custody Record should note which sample containers hold parts of the same sample.  If the entire car�tridge is sent, it should be wrapped in foil, with the top part of the sample label attached to the cartridge.

  

10.16.8  Particulates Sampling using Fiberglass Filters�tc  \l 3 "

10.16.8  Particulates Sampling using Fiberglass Filters"�.  Borosilicate fiberglass filters are used to trap particulates.  Accurate analytical results depend on sufficient drying and accurate weighing of the filters.  Filters must be dried for 24 hours prior to use, then weighed to determine the clean weight.  An analytical balance accurate to 0.001 gram must be used.



	Filters should be handled with clean stainless steel tweezers and non-powdered gloves to avoid contamin�ation and particulate loss.  After the filters are used, they must again be dried for 24 hours and then weighed to deter�mine the dirty weight.  The difference between the dirty weight and the clean weight is the total particulate weight.  The concentration of Total Suspen�ded Parti�culates (TSP) is determined by dividing the total parti�culate weight by the volume of air sampled.  

  

�EMBED Equation.2���

	

	Where:

  		TSP  =	Concentration of suspended particulates per volume of air



	If the filters are shipped to a laboratory for weighing and/or analysis, they must be carefully pack�aged to avoid the loss of particulates during shipment.  The preferred sample container for a parti�cu�late filter 

is a petri dish (shallow glass dish with a glass cover) having a diameter slightly larger than the filter.  If glass containers are not available, the filter should be placed on a piece of aluminum foil with the foil folded around the filter.  The filter must not be folded.  The top part of the three-part label is attached to the foil enclosing the samples.  The filter and foil are then placed in a plastic bag and sealed.  The volume of air sampled should be included on the Chain-of-Custody (COC) Record.



10.17  EXAMPLES OF SPECIFIC AIR SAMPLING PROCEDURES�tc  \l 2 "10.17  EXAMPLES OF SPECIFIC AIR SAMPLING PROCEDURES"�.  Air sampling procedures depend highly on the instruments used and, therefore, will require specific SOPs.  Chapter 14 contains an example of an Standard Operating Procedure for PID calibration and maintenance. 



10.18  REGULATORY REQUIREMENTS�tc  \l 2 "10.18  REGULATORY REQUIREMENTS"�.  The EPA regulates air quality under numerous laws and guidelines including, but not limited to, those  outlined below.



10.18.1  Clean Air Act (CAA)�tc  \l 3 "

10.18.1  Clean Air Act (CAA)"�.  The CAA requires EPA to establish national ambient air and emission air standards.  EPA regulations related to the CAA are contained in Title 40 CFR Parts 50 through 87.  



10.18.1.1  National Ambient Air Quality Standards (NAAQS)�tc  \l 4 "

10.18.1.1  National Ambient Air Quality Standards (NAAQS)"�.  40 CFR Part 50 establishes the primary and secondary NAAQS.  NAAQS are established for the following:



Sulfur oxides - SO2

Carbon monoxide - CO

Particulate Matter - PM10

Ozone -03

Nitrogen dioxide -NO2

Lead or lead compounds

  

	The 1990 CAA Amendments included new requirements for non-attainment areas, mobile sources (including possible reformulation of gasoline), hazardous air pollutants (initial list contains 189 pollutants), acid rain control, new permits, and stratospheric ozone protection.



10.18.1.2  National Emission Standards for Hazar�dous Air Pollutants (NESHAPS)�tc  \l 4 "10.18.1.2  National Emission Standards for Hazar�dous Air Pollutants (NESHAPS)"�.  The EPA has established emis�sion standards for hazardous air pollutants for a number of industries.  NESHAPS promulgated prior to the clean air act amendments of 1990 (CAA90) are located in 40 CFR part 63.  The following sub-paragraphs summar�ize requirements of particular significance to Navy operations.



10.18.1.2.1  Beryllium Machine Shops�tc  \l 5 "

10.18.1.2.1  Beryllium Machine Shops"�.  As speci�fied in 40 CFR 61.30, any shop machining beryllium, beryllium oxides, or any alloy containing over 5% beryllium is required to perform stack samp�ling to ensure that total emissions of beryllium do not exceed 10 grams over a 24 hour period.  Stack sampling procedures are speci�fied as Methods 103 and 104 in Appendix B of 40 CFR 61.  Alter�na�tively, the owner may request appro�val from the EPA to demonstrate that the concentration of beryl�lium in the ambient air around the source does not exceed 0.01 µg/m3, averaged over a 30 day period.

  

10.18.1.2.2  Mercury in Sewage Sludge.�tc  \l 5 "10.18.1.2.2  Mercury in Sewage Sludge."�  As speci�fied in 40 CFR 61.50, mercury emissions from incineration or drying of waste water treatment sludge must not exceed 3,200 grams per 24 hour per�iod.  The stack sampling procedure is specified as Method 101A in Appendix B of 40 CFR 61.  Alterna�tively, the owner may sample the sludge using the procedure spec�i�fied as Method 105 in 40 CFR 61 Appendix B.

  

10.18.1.2.3  Fugitive Emissions of Benzene and Vinyl Chloride.  Fugitive emissions are sources of air pollutants other than stacks and vents.  As specified in 40 CFR 61.240, pro�cess equipment containing or contacting a gas or liquid of more than 10% benzene and/or vinyl chloride must be checked periodically for leaks.  Requirements apply to pumps, compressors, pressure relief devices, sampling connec�tion systems, open-ended valves or lines, valves, flanges and other connectors, product accumulator vessels, and control devices/sys�tems.  Checks must quantify leaks by using a real-time air monitoring instrument sensitive to the 

chemical.



10.18.1.2.4  Aerospace Manufacturing and Rework Facilities�tc  \l 5 "10.18.1.2.4  Aerospace Manufacturing and Rework Facilities"�.  Regulation of major sources of Hazardous Air Pollutants (HAPs) associated with aerospace manufacturing and rework facilities are specified in 40 CFR 63 Subpart GG.  These regulations affect facilities that are engaged, either in part or in whole, in the manufacture or rework of commercial, civil, or military aerospace vehicles or components that are major sources of HAPs.  Affected operations include cleaning, topcoats and primers, depainting, and chemical milling maskants.  Generally, these regulations affect only parts and assemblies of aerospace vehicles that are critical to structural integrity or flight performance, with the exception that cleaning requirements apply to spray guns, etc.  Compliance can be achieved using compliant coatings and/or control devices.



Exemptions:

Facilities that depaint less than six (6) aircraft per year are exempt from the depainting requirements.  Nonoperational aircraft and radomes and other normally removed parts are also exempt from the depainting requirements.  The rule also exempts the use of up to 50 gallons per military aircraft (26 gallons per commercial aircraft) of organic HAP containing strippers for decal removal and spot stripping.

Sections 63.741(f), 63.741(g), 63.744(e), 63.745(f)(3), and 63.745(g)(4) contain numerous operation-specific exemptions and exceptions to the rule.



10.18.1.2.5  Chromium Electroplating and Anodizing Tanks�tc  \l 5 "10.18.1.2.5  Chromium Electroplating and Anodizing Tanks"�.  Major source and area sources of HAPs in chromium electroplating and anodizing are regulated under 40 CFR 63 Subpart N.  These regulations affect all hard chromium electroplating, decorative, chromium electroplating, and chromium anodizing tanks.  Hard chromium electroplating tanks must comply with an emission limit.  Decorative chromium electroplating and anodizing sources must comply with either a surface tension limit or an emission limit.



10.18.1.2.6  Halogenated Solvent Cleaning�tc  \l 5 "10.18.1.2.6  Halogenated Solvent Cleaning"�.  40 CFR 63 Subpart T regulates major sources and area sources of HAPs associated with halogenated solvent cleaning.  All batch vapor, in-line vapor, in-line cold, and batch cold solvent machines that use any solvent containing methylene chloride, perchloroethylene, trichloroethylene, 1,1,1-trichloroethane, carbon tetrachloride, or chloroform -- or combination of these halogenated solvents -- in a total concentration greater than 5% by weight, as a cleaning or drying agent are regulated.  Requirements vary depending on the type of equipment used and whether the source is existing or new.  Compliance options include various combinations of design and control device requirements, alternating idling mode emission limits, or alternative emission limits.



10.18.1.2.7  Perchloroethylene (PCE) Dry Cleaning�tc  \l 5 "10.18.1.2.7  Perchloroethylene (PCE) Dry Cleaning"�.  Perchloroethylene dry cleaning major sources and area source HAPs are regulated under 40 CFR 63 Subpart M.  Most new and existing PCE dry cleaning operations are affected, however, coin-operated (customer-operated) machines are exempt.  The rule contains emission control and work practice requirements.  Requirements vary depending upon the annual PCE consumption of the facility.  Most facilities are achieving compliance by purchasing new ventless dry-to-dry machines.



10.18.1.2.8  Shipbuilding and Ship Repair Facilities�tc  \l 5 "10.18.1.2.8  Shipbuilding and Ship Repair Facilities"�.  Major sources of HAPs associated with shipbuilding and ship repair facilities are regulated under 40 CFR 63 Subpart II.  Shipbuilding and ship repair operations at any facility that are major sources of HAPs are affected.  Compliance can be achieved using compliant coatings and/or control devices.



Exemptions:

Coatings used in volumes of less than 200 liters (52.8 gallons) per year can be exempted provided the total volume of coating exempted does not exceed  1,000 liters (264 gallons) per year at any facility.  These exempt coatings shall be clearly labeled as "low-usage exempt", and the volume of each such coating applied shall be maintained in the facility's records.

Coatings applied with hand-held, non-refillable, aerosol containers can be exempted.

Unsaturated polyester resin (i.e., fiberglass lay-up) coatings can be exempted.  However, coatings applied to suitably prepared fiberglass surfaces for protective or decorative purposes are subject to this subpart.



10.18.1.2.9  Wood Furniture Manufacturing Operations�tc  \l 5 "10.18.1.2.9  Wood Furniture Manufacturing Operations"�.  Major sources of HAPs used in wood furniture manufacturing operations are regulated under 40 CFR 63 Subpart JJ.  New and existing wood furniture manufacturing operations located at plant sites that are major HAP sources are affected.  This rule does not apply to refinishing operations, only original furniture manufacture.  The final rule exempts "incidental wood furniture manufacturers" from all requirements except that they must keep records of coating purchases and usage.  An incidental wood furniture manufacturer is a major source that uses no more than 100 gallons per month of finishing material or adhesives in the manufacture of wood furniture or wood furniture components.



10.18.1.2.10  Solid Wood Combustion Standards�tc  \l 5 "10.18.1.2.10  Solid Wood Combustion Standards"�.  The CAA90 requires EPA to regulate various types of solid waste combustors for HAPs.  Combustors targeted for regulation include municipal waste, medical waste, residential waste, agricultural waste, wood waste, construction and demolition waste, crematories, and contaminated soil treatment facilities.



10.18.1.2.11  Municipal Waste Combustors (MWC)�tc  \l 5 "10.18.1.2.11  Municipal Waste Combustors (MWC)"�.  EPA promulgated new source performance standards (NSPS) in 40 CFR 60 Subparts Ea and Eb and existing sources emission guidelines in Subpart Cb for municipal waste combustors capable of combusting greater than 35 megagrams (Mg) per day.  Requirements include emission standards for criteria and HAPs, good combustion practices, and monitoring.



Exemptions:

MWC Plants Permitted to Combust Less Than 10 Mg/day.  Any medical, industrial manufacturing, or other type of waste combustor plant capable of combusting more than 35 Mg/day of Municipal Solid Waste (MSW) but actually combusting less than 10 Mg/day of MSW (plant-wide) is not subject to this rule, provided it submits an initial report containing a copy of the plant's federally enforceable permit limiting the amount of MSW that may be combusted by the plant to less than 10 Mg/day and keeps records on the daily weight of MSW fired.

Cofired Combustors.  Cofired combustors (that combust less than 30 percent MSW) located at a plant with an aggregate plant combustion capacity greater than 35 Mg/day are exempt from the requirements of the guidelines provided they submit a notification of exemption and keep records of the weight of MSW combusted on a calendar quarter basis.

Used Oil Combustors.  The definition of MSW excludes used oil.  Although used oil combustors are not affected by these rules, MWCs that combust used oil in addition to MSW will be affected unless they qualify for either the "cofired combustor" or "10 Mg/day plant" exemption.



10.18.2  State Air Quality Programs�tc  \l 3 "10.18.2  State Air Quality Programs"�.  40 CFR Part 51 contains the requirement for each state to prepare a State Implementation Plan (SIP) for EPA approval that describes how it will achieve the established national air quality goals.  The states are responsible for the execution of these plans after approval.  They issue air quality permits, enforce the requirements established in their plans, and conduct reviews of all new major sources of air pollutants.  The EPA requirements for state air quality operating permit programs are specified in 40 CFR 70.

  

  State Implementation Plans (SIPs) implement pollution control programs such as New Source Performance Standards (NSPS), New Source Review (NSR), and National Emission Standards for Hazardous Air Pollutants (NESHAPs) at the state and local level.

  

10.18.3  Acid Rain Permits�tc  \l 3 "10.18.3  Acid Rain Permits"�.  EPA regulations 40 CFR 72 require states to establish an Operating Permit Program for fossil fueled electric generating power plants to protect the environment from acid rain.  Associated contin��uous emission monitoring requirements for CO2, NOx, and SO2 are specified in 40 CFR 75. 

  

10.18.4  Emission Limitations - New Station�ary Sources�tc  \l 3 "10.18.4  Emission Limitations - New Station�ary Sources"�.  The EPA has established specific limits on stack emissions for a number of industries.  These 

perform�ance standards are listed in 40 CFR 60.  Of particular applicability to Navy installations are:



Subpart D Fossil Fuel Fired Steam Generators

Subpart E Solid Waste Incinerators

Subpart K Storage Vessels for Petroleum Liquids

Subpart O Sewage Sludge Incinerators

10.18.5  Resource Conservation Recovery Act (RCRA) Subpart CC (Effective 12/6/95)�tc  \l 3 "10.18.5  Resource Conservation Recovery Act (RCRA) Subpart CC (Effective 12/6/95)"�.  RCRA subpart CC are new regulatory requirements for VOC content in waste and fugitive emissions of VOCs.  Depending on container sizes, wastes must be measured for VOC content.  This is accomplished by obtaining a sample of the waste and analyzing for VOC concentration using EPA laboratory method 25D (40 CFR 60).  Wastes containing greater than 100 ppm  total VOC are subject to control equipment and/or management practices to limit emissions of VOCs.  



  The other aspect of RCRA subpart “CC” pertains to air sampling of large containers and process units for fugitive emissions of VOCs.  Large containers, valves, fittings, covers and other areas where leaks can occur must be sampled for fugitive emissions of VOCs in the surrounding air.  If total VOC levels exceed 500 ppm, the containers/process units are subject to  control devices and/or management practices to eliminate or minimize emissions.  VOC measurements are made per EPA method 21 (40 CFR 60)  using  FID, PID, or other approved instrumentation.

  

10.18.6  Asbestos�tc  \l 3 "10.18.6  Asbestos"�.  Several Federal agencies are charged with regulating asbestos products and wastes.  The Occupational Safety and Health Administration (OSHA) sets limits for worker exposure on the job.  The Consumer Product Safety Commission (CPSC) regulates asbestos in consumer products.  The EPA regulates the management and disposal of asbestos-containing wastes.

  

	Asbestos emissions during building demolition or renovation, as well as the transport and disposal of asbestos waste, are regulated under the EPA's  NESHAP.  Through NESHAP, the EPA requires prework notices and specific work practices to be used during demolition and renovation operations involving asbestos containing materials (ACM). 



	The Navy itself also regulates asbestos within an installation.  The Chief of Naval Operations (OPNAV) instruction, OPNAVINST 5100.23, Navy Occupational Safety and Health (NAVOSH) Program Manual, Chapter 17, provides guidance for controlling or eliminating exposure to asbestos on shore facilities.  OPNAVINST 5100.19, Navy Occupational Safety and Health (NAVOSH) Program Manual for Forces Afloat, Chapter B1, provides guidance for forces afloat.





	Samplers must be trained and certified for asbestos sampling.

  

10.18.7  Emergency Situations�tc  \l 3 "10.18.7  Emergency Situations"�.  Air monitoring may be performed during emergency situations such as fires or leaks of hazardous chemicals.  Such monitoring is typically done with real time instruments to establish the limits of evacuation zones and to deter�mine the area where respirators must be worn.  In addi�tion, air samples may be taken at the perimeter of the evacua�tion and respir�ator (exclusion) zones to determine the extent to which people may have been exposed to toxic chemicals.





	WARNING
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   	Although emergency samp�ling may be required with little or no planning, it must be done very  carefully and with complete documentation because of the possibility for injury due to exposure and due to the possible need to use information obtained in litigation.

  

10.18.8  Nuisance Complaints�tc  \l 3 "10.18.8  Nuisance Complaints"�.  Nuisance complaints from the general public are primarily related to odors, eye irritation or, in some cases, serious illness.  The Sample Analysis Plan must address two major areas of concern:  (1) Identity of chemicals involved and (2) Measurement of chemical concentration in the air at the location where the complaints arise.  Since odor thresholds for many noxious chemicals are extremely low, and certain individuals are very sensitive to chemicals, the levels of interest may be consid�erably below regulatory limits or the concen�tra�tion that will cause acute symptoms.  In addition, the com�plaints may arise only sporadically as the result of certain work at the facility or certain weather conditions.  To avoid claims of a cover-up, the planning process must be open to review by those initiating the com�plaints.  All work must be done carefully, with thorough and legally defensible actions and documentation.



10.19  SAMPLING EQUIPMENT LIST�tc  \l 2 "10.19  SAMPLING EQUIPMENT LIST"�.  Chapter 4, Section 4.8 provides a generic sampling equipment list applicable to most sampling events.  The following list provides additional specific equipment applicable to air sampling:



	WARNING
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Safety Equipment, as required

Photo Ionization Detector (PID)

Flame Ionization Detector (FID)

Infrared Radiation Absorbance Detector

Detector tubes (Dräger, Sensidyne, Matheson)

ChromAir (Gilian)

Explosimeter

Indicator Tubes

Bag Samples (Tedlar®, Teflon®, Mylar® and Saran®)

Metal Canister Samplers (Summa® polishing process)

Glass Globe Samplers

Passive Sampling Badges

Solid sorbents

Organic polymers

Amberlite® XAD-2

Thermosorb/N

Polyurethane foam

Inorganic powders

silica gel

Porasil®

Florisil®

alumina

inor�ganic molecular sieves

Carbon adsorbents

Chemical Derivation Chemicals

Cryogenic trap

Nebulization/Reflux condensation Trap 

Particulate Filters

Borosilicate fiberglass filters	

Cellulose fiber, such as Whatman No. 41 filter paper

Glass or quartz fiber

Membrane filters (cellulose esters, Teflon®, nylon, etc.)

Nucleopore filters

Centrifugal Collector



Other Devices Used to Collect Aerosols:

Wet Collectors

Electrostatic separators



Equipment for Dry Deposition Sampling:

Denuders

Cellulose, Glass Fiber, and Polymeric Filters

Particulates sized on Teflon membrane filters which separate particles under 10 microns (PM10) or 2.5 microns (PM2.5).

Nylon filters are used to remove NO2 gas	

Cellulose filters impregnated with 15 weight percent potassium carbonate and 5% glycerol in water for SO2

Cellulose filters impregnated with 25 % citric acid and 5% glycerol in water for  NH3

Cellulose filters impregnated with 25% TEA, 4% ethylene glycol, 25% acetone in 46% water for NO2



Equipment for Stack Samples

Method 0010 - Modified Method 5 Samp�ling Train

High efficiency glass or quartz fiber filter

Packed bed of porous polymeric adsorbent resin (XAD-2)



Method 0020 - Source Assessment Samp�ling System (SASS) 

Three heated cyclones 

Heated high-efficiency fiber filter 

Cartridge containing 150 grams of XAD-2 resin



Method 0030 - Volatile Organic Sampling Train (VOST)

Glass-lined probe and a Volatile Organic Sampling Train 

Sorbent resin traps 

Impingers 

Resin trap containing approximately 1.6 grams of Tenax®

Resin trap (back trap) containing approximately 1 gram each of Tenax® and petroleum-based charcoal, 3:1 by volume
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