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CHAPTER 16 – AIR SAMPLING
Introduction

When evaluating and controlling inhalation hazards, industrial hygienists typically compare the measured concentration of an airborne chemical to a recognized exposure limit.

Standardized methods for the collection of air samples have been developed to ensure that accurate and meaningful information is collected.

Types of Air Samples
Air sampling is used to:
-
evaluate employee exposure;

-
assist in the design and evaluation of control measures; and

-
document compliance with government regulations.

Personal v. Area Sampling


personal sampling

Personal air sampling is the preferred method of evaluating worker exposure to airborne chemicals and is usually required for compliance sampling.

-
worker wears a sampling device that collects an air sample.

-
device is placed as close as possible to the breathing zone

A hemisphere in front of the shoulders with a radius of 6–9 inches so the data collected closely approximate the concentration inhaled.

Note:
Sampling device should be placed on the shoulder of the worker’s dominant hand.

Note:
Concentration is equal to the mass of the contaminant collected divided by the volume of air passed through the collection device.


area sampling

The sampling device is strategically placed in a fixed location in the area of interest to:

-
evaluate background concentrations
-
locate sources of exposure; or

-
evaluate the effectiveness of control measures.

Note:
Area sampling is not used to provide an estimate of worker exposure because conditions at the fixed location may not be the same as those experienced by the worker.

Grab v. Integrated Sampling


grab sampling

Measure the airborne concentration of a substance over a short period (usually less than 5 minutes).

-
used to identify peak or ceiling concentrations.

-
used to measure brief exposures (e.g., opening a piece of equipment for maintenance or servicing).

-
helpful for evaluating different parts of the work cycle (e.g., setup, operation, cleaning, spills).

Note:
Grab samples alone are rarely used to estimate an employee’s eight-hour time-weighted average exposure, since they do not account for the time between samples.

They can be used as a screening method to determine whether more extensive sampling is needed.


integrated air sampling

Estimate a worker’s eight-hour time-weighted average or 15-minute exposure.

Collects one or more personal air samples for the duration of a particular task or workshift.

The result integrates all of the various concentrations to which the worker has been exposure during the sampling period.

The resulting concentration represents an average weighted exposure over the sampling period (i.e., TWA).

Air-Sampling Equipment

There are two categories of air-sampling equipment:

-
direct-reading instruments; and

Provide an immediate measurement of concentration and can be used to show the variation in concentration throughout the day.

-
sample collection devices.

Draw air through media (e.g., filter) that is subsequently analyzed or weighed in a laboratory.

Note:
Sample collection devices are the focus of this chapter.


sampling train
Air sample collection devices are typically made up of five basic components:

-
suction pump

Moves air through all of the components of the sampling train.

-
air inlet orifice;

Location where air enters the sampling train.
The size, shape, and positioning of the air inlet orifice can greatly affect what is actually collected from the air.

-
collection device;

Contains the collection medium (e.g., filter) used to separate the contaminant from the airflow for the contaminant.
-
flow-rate control device; and

Allows the user to draw air through the sampling train at the required flow rate for the time required to collect the sample.

Airflows are usually measured in liters per minute or cubic centimeters per minute.

Note:
It is necessary to calibrate the flow rate through the sampling train before and after sampling to ensure a valid sample was collected.

-
airflow meter;

Visually displays how much air is being drawn through the sampling train.

Most pumps have features to maintain a constant airflow throughout the sampling period, compensating for increased resistance as the sampling media becomes increasingly clogged.

Note:
Each contaminant sampling method has a defined flow rates and minimum/maximum sampling times.

Devices for Gases and Vapors
A substance is considered a gas if this is its normal physical state under standard temperature (70°F) and pressure 14.7 lb/ft2) conditions.

Gases and vapors behave similarly.

They follow the ideal gas laws, in that their volume is affected by changes in temperature and pressure.

At typical concentrations found in workplace air, they do not stratify based on their densities.

Instead, they diffuse and mix freely with the general atmosphere to form homogeneous mixtures.

Note:
In some cases, a chemical may exist as both a gas/vapor and as a solid particle at the same time.

In such cases, collection devices for both the gaseous and solid phases must be used to provide an accurate measure of employee exposure.


grab sampling

Although direct-reading devices are usually used for grab sampling, the collection of a known volume of air for subsequent analysis is another method used.
The most commonly used collection devices are:

-
evacuated canisters; and 

-
gas-sampling bag.

-
advantages 

-
simple to use

-
normally collects 100 percent of the chemical

-
disadvantages

-
cannot be used to sample reactive gases (e.g., H2S, NO2, SO2) unless the samples are analyzed immediately.

-
can be impractical for personal monitoring


integrated air sampling

Involves the extraction of a gas or vapor from a sample airstream, followed by laboratory analysis.

Two extraction techniques are normally use:

-
absorption

Used for soluble or reactive gases/vapors.

The gas, vapor, or mixed aerosol is removed from the airstream as it passes through a liquid that captures the contaminant.

The gas or vapor may be highly soluble in and non-reactive with the liquid, or the liquid can contain a reactive reagent.

A reactive absorbing reagent captures the gas/vapor by quickly reacting with it to form a more stable compound that can be analyzed later in the laboratory.

Absorption devices include:

-
gas wash bottles

Air is forced through a nozzle into the absorbing solution.

-
fritted bubbler impingers
Causes the formation of many tiny bubbles as air is forced through the fritted surface.

More appropriate for gaseous substances that are only moderately soluble or that react slowly with the absorbing liquid.

Note:
Acid or caustic liquid absorbents may injure a worker if spilled out of the impinge.

Such samples may be better suited for area rather than personal sampling.

-
adsorption

Used for insoluble or non-reactive gases/vapors.

Commonly conducted using tubes filled with a granular sorbent (e.g., activated charcoal, silica gel).
The gas/vapor is retained, physically and chemically unchanged, onto the surface of the sorbent for subsequent laboratory extraction and analysis.

-
activated charcoal tubes

Activated charcoal is the most widely used solid sorbent.

A standard charcoal tube is 7 cm long and 4 mm wide, and is divided into two sections.

- breakthrough

Breakthrough describes the condition where sampled materials pass through the collection device and are collected on the backup section.

Although activated charcoal has a large adsorptive capacity, some contaminants pass through the first section if:

-
the flow rate is too high, or 

-
if there is a high concentration of the contaminant in the air.

The backup section increases collection efficiency by adsorbing some of the materials that was initially missed.

-
silica gel tubes
Used to sample for gases/vapors that cannot be efficiently collected or extracted from activated charcoal.

Silica gel is not as commonly used because it is electrically polar and tends to attract interfering polar molecules (e.g., water vapor).

Silica gels may be treated with chemicals to collect specific gases/vapors.


diffusion (passive) samplers
Rely on passive diffusion, the passage of molecules through a semipermeable barrier from an area of high concentration to an area of lower concentration.

If the ambient concentration of a gas/vapor is higher outside of the tube, the gas/vapor will diffuse into the tube and be collected on a sorbent material.

As the sorbent adsorbs the gas/vapor, the concentration inside the monitor becomes less, keeping the diffusion process going.

Sampling begins when the device’s cover is removed (this time is recorded).

The worker wears the monitor, which is placed in the breathing zone.

When sampling is complete, the monitor is removed and resealed (this time is recorded).

The badge is then sent to a laboratory for analysis.

Diffusion samplers:

-
allow personal sampling.

-
are inexpensive;

-
are easy to use;

-
are accurate; and

The accuracy of most commercially available monitors meets or exceeds NIOSH requirements.

-
can provide quick feedback

Factors that can influence the accuracy include:

-
temperature extremes (rates of chemical reactions); and

-
lack of air movement across the badge face.

-
colorimetric passive monitors

Colorimetric passive monitors are also available for some gases/vapors.

The media inside the monitor chemically reacts with the contaminant, resulting in a color change.

The color change is compared against a guide.

Note:
Some regulatory agencies may not accept passive monitors for required compliance monitoring.

Collection Devices for Particles
Airborne particles can be solid, liquid, or both, and can range in size from visible to microscopic.

A number of devices can be used to collect particles, each relying on different mechanisms for particle capture.


filters

The most common collection device for particulate matter.

Several different types:

-
glass fiber (GF);

-
mixed cellulose ester fiber (MCE); and

-
polyvinyl chloride (PVC).

Note:
The type of filter is selected based on their ability to collect the material of interest and their suitability for laboratory analysis.

-
filter overloading

It is important to periodically check filters during sampling to ensure they are not overloaded.

-
loose or excessive material on the filter may become dislodged during sampling and shipping, 

-
material may also deposit on the interior walls of the filter cassette

Note:
Both can complicate the analysis and interpretation of the results.
-
particle sizing
Where particles are deposited in the respiratory tract, and where they cause an adverse effect, is highly dependent on their size.

Three typical size ranges are used in industrial hygiene (see Table 16-E in text):

-
inhalable;

-
thoracic; and

-
respirable.

Note:
There are over 80 TLVs that utilize inhalable particulate mass criteria.

The sizes of particles to be collected greatly influence the sampling method.

It is critically important to:

-
choose a filtering device/medium that meets the particle size selection efficiency for the contaminant of interest; and

-
use the collect flow rate for the device’s/medium’s particle size selection characteristics.


cyclones

Used to collect particles of respirable size (retained in the lung, < 10 μm in aerodynamic size).
Air is drawn into a cyclone tangentially through a small orifice.

The centrifugal motion of the air inside the cyclone forces the larger particles to the periphery of the cyclone, where they fall to the bottom of the cyclone.

The respirable particles, in the center airstream, are drawn upward onto a pre-weighed filter.

After sampling is completed, the filter is analyzed or weighed to determine how much material was collected.


inertial impactors

Collect particles by impacting them onto a surface.

If an obstacle causes a moving airstream to deviate from a straight course, the particles in the airstream tend to leave the airstream and impact the obstacle.

The collection efficiency is affected by the:

-
mass of the particles;

-
size and shape of the obstacle; and

-
velocity of the air.

Suction Pumps
Suction pumps are responsible for the movement of air through the sampling train.

Most personal-sampling pumps are:

-
lightweight and quiet;

-
use rechargeable batteries; and

-
can be easily attached to the worker’s belt.

Note:
Must be listed by Underwriters Laboratories, Inc. or their equivalent for use in flammable or explosive atmospheres if they are to be used in such conditions.

Most new sample pumps are listed as intrinsically safe.

Generally available in the following airflow rate ranges:

-
low flow (5 – 500 mL/min.)

used for solid sorbent tube sampling

-
high flow (0.5 – 15 L/min.)

used for filter, cyclone, and impinge sampling

-
dual range

both low- and high-flow

Flow-Rate Meters
Maintaining a constant flow rate during sampling is critical.

Devices that help maintain a constant flow rate include:


pressure-compensating devices

A sampling pump will slow down if the filter becomes loaded with dust or the hose is crimped.
Pumps with pressure-compensating devices have sensors with feedback mechanisms that detect pressure changes and maintain the preset flow rate.


critical-flow orifices

A critical-flow orifice is a precisely drilled hole in a metal plate through which the airstream being sampled is directed.
The flow rate through the orifice remains constant despite conditions at the inlet (e.g., clogged filter).

Note:
Critical-flow orifices are calibrated under certain temperature and air pressure conditions.

If the air sampling is conducted at a significantly different temperature or pressure, a correction factor must be used to determine the actual airflow rate.

Selecting Sampling Methods

The selection of a sampling method depends on a number of factors:

-
sampling objective;

-
physical and chemical characteristics of the contaminant (e.g., polar v. nonpolar);

-
presence of other chemicals (e.g., interference);

-
required accuracy and precision;

-
regulatory requirements;

-
portability and ease of operation (e.g., personal sampling v. area sampling);

-
cost;

-
reliability;

-
type of sampling needed (e.g., area, personal, grab, integrated); and

-
duration of sampling.

Note:
Procedures can be found in the NIOSH Manual of Analytical Methods and the OSHA Sampling and Analytical Methods.


sample media

Sample media may require special handling before, during, and after sampling.

-
some need to be stored and shipped cold;
-
some require that the sampling tube be covered during sampling to prevent degradation of the sample;

-
some require that the filter be removed from the cassette after sampling and placed in to a separate container for shipping back to the laboratory


flow rate
Establishing a maximum air sample volume is necessary to prevent breakthrough when sampling for gases/vapors or overloading the filter when sampling for particulates.

The flow rate specified in the air-sampling method ensures that sufficient materials is collected for the analysis and that adequate collection efficiency for the chemical being sampled is maintained.


sample duration

With the recommended flow rate and air sample collection volumes, the industrial hygienist can determine the time necessary to collect a sample.
Calibration
The suction pumps used for air sampling must be calibrated to the airflow recommended in the sampling method.

Calibration is critical because the determination of air sample volume depends on the flow rate and the elapsed time.

There are two categories of calibration devices:

-
primary

Provide a direct measurement of airflow.

-
secondary

Provide indirect measurements of airflow.


primary calibration:  electronic instruments

Electronic primary calibrators work by drawing air through a fixed-volume cylinder and measuring the time it takes for the air to move through it.

-
wet process

Uses a soap bubble that fills the diameter of a cylinder.

The speed of the bubble moving the length of the cylinder is measured.
-
dry process

Uses a float that fills the diameter of the cylinder.
The speed of the float moving the length of the cylinder is measured.

-
mass flow sensor

Measures the mass of air per time passing through the calibrator.
Note:
The accuracy of electronic primary calibrators needs to be recertified as recommended by the manufacturer.


secondary calibration:  precision rotameter

Consists of a float (or ball) that is free to move in a vertically tapered tube.

Air is pulled through the tube so the ball rises until there is equilibrium between the force of gravity and the force of the air traveling upward.

The flow rate is determined by reading the height of the float on an attached numerical scale.

Note:
Rotameters are frequently used in the field to check pump flow rate periodically through full-shift sampling 
Sampling and Analytical Error
Once the air sample results are received from the analytical laboratory and the time-weighted averages are calculated, there should be a calculated margin of error associated with the result.

This is called the sampling and analytical error (SAE), which can be calculated using the following formula:
SAE
=
 [(airflow error)2 + (time error)2 + analytical error)2]1/2
-
airflow error
The error of measurement associated with the calibration of the air-sampling pump.

-
time error

The error of measurement associated with the time period over which the sampling occurred.
-
analytical error

The error associated with the analytical methods used by the laboratory.

Record Keeping

Complete and detailed records must be kept on:

-
sampling procedures;

-
that sampling was conducted according to accepted professional standards.

-
the identity of the equipment and collection devices used

-
the calibration procedures and results;

-
the identify of the analytical laboratory and related laboratory reports; and

-
the air-sampling calculations.

-
sampling conditions; and

The conditions under which the sampling was conducted should be carefully documented to ensure the integrity and usefulness of the results.

-
sampling results.

OSHA Standard (29 CFR 1910.20) Access to Employee Exposure and Medical Records
This standard requires that employee exposure records:

-
be preserved for at least 30 years;

-
be readily available to employees and their representatives;

Background data (e.g., laboratory reports, field notes) need only be retained for one year as long as information on the sampling method, the analytical and mathematical methods, and summary of other background information is retained for the required 30 years.

Note:
It is good practice to retain all sampling-related records.
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