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CHAPTER 17 – DIRECT READ INSTRUMENTS FOR GASES, VAPORS, AND PARTICULATES
Introduction

Direct read instruments for chemical contaminants identify and/or quantify the concentration of many gases, vapors, and particulates in air -- in real time or near real time.
Instruments are designed to give their users information, when, when used in the appropriate context is actionable.
An appropriately selected direct-reading instrument may be used to quickly establish a safe zone around a chemical spill, and are often used to assess the exposure of workers to hazardous chemicals.

Direct-reading instruments can be arranged in a hierarchy:

Generally, ascending the hierarchy brings about increased complexity, cost, training requirements, and decreased portability.

level 1

small, hand-held simple detectors

level 2

small, hand-held instruments

level 3

person-portable detection systems

level 4

transportable detection systems

Note:
Faulty operation of air-sampling instruments can result in either high or low readings.

-
low readings could falsely indicated that no hazard is present

-
high readings could lead to the implementation of unnecessary control measures.

Common Types of Instruments

General Types

One way to generally categorize direct-reading instruments is by their capability in measuring one or more compounds as follows:

compound-specific monitors

Designed to measure a single compound (e.g., H2S, CO, Cl2, O2).
Although designed to be compound-specific, cross-sensitivity can still exist and users should be cognizant of the limits of a particular device.


non-specific monitors

Not compound-specific nor specific for whole classes of compounds.
Generally of value as leak detectors or in atmospheres that are already known to contain only a single contaminant.


broad-range monitors

Designed to differentiate and specifically measure a broad range of compounds.
The most complex and costly, but also the most powerful.
Specific Types


combustible gas/multiple gas monitors

Perhaps the most commonly utilized direct-reading instruments, typically designed for use in confined space entry.

Contain sensors for:

-
combustible gas (LEL);
-
oxygen (O2);

-
carbon monoxide (CO); and

-
hydrogen sulfide (H2S).

explosive (flammable) limits

The range of concentrations over which a fire or explosion can occur is called the explosive (or flammable) range.

-
the lower end of this range is called the lower explosive (or flammable) limit (LEL).

-
the upper end of the range is called the upper explosive (or flammable) limit (UEL).

Note:
In an atmosphere that is above the UEL, dilution with fresh air could bring the mixture into the flammable or explosive range.

Flammable Gas Meter Concerns
instrument design

A combustible gas meter is typically calibrated with a particular compound such that the concentration of other combustible gases present could be overestimated.

The intrinsic safety designation i.e., design to prevent the instrument from being a source of ignition) for the entire instrument needs to include the electronics, the display, and the power source.

zero adjustment

The zero adjustment must be made by taking the instrument:

-
to a location that does not contain combustible gases; or

-
passing purified air through the instrument. 
interpretations of meter readings

As with all instruments, users of combustible gas meters must be aware of gases and vapors that may result in interferences that could result in discrepancies in instrument response.
All instruments are subject to interferences from non-combustible and non-explosive gases.

The instrument may read low or zero for several different reasons:
-
low vapor pressure liquids

If the vapor pressure of a combustible liquid is low at room temperature, a relatively low concentration will be indicated.

If this vessel is later heated by cutting or welding, the vapor concentrations will increase.
Note:
Continuous monitoring is recommended in this situation.
-
high vapor pressure liquids

When testing typically hot vessels used to contain liquids with high vapor pressures the instrument may display a low concentration reading due to vapor condensation.
-
catalyst poisoning
If using a hot-wire combustible gas meter, minute concentrations of certain materials can rapidly poison the catalytic activity of the platinum filament.

-
interferences
Interfering gases and vapors can seriously affect instrument response.

It is important for the user to recognize the indications of their presence.

indoor air-quality monitors

Industrial hygienists are frequently called upon to assess indoor air quality (IAQ).
Typical IAQ monitors incorporate sensors to measure:

-
temperature;

-
relative humidity; and

-
CO2;
-
with many including sensors for other gases (e.g., CO)

Note:
Commonly packaged in handheld devices that can be easily placed in various locations around a workplace for long-term data-logging.


particle counters

Rather than measuring for specific chemical compounds, particle counters are used to measure airborne particulate concentrations.

Generally aerosol monitors in which the aerosol is a solid (dust), liquid (mist), or condensed vapor.

Most are based on the light-scattering properties of particulate matter, and are sensitive to the size, shape, and refractive index of the particles.

obscuration

Measure the intensity of a light beam at source and after passing through sampled air.

Requires the instrument be calibrated with particulates of a size and refractive index similar to those to be monitored.

deposition

Uses piezoelectric crystals that change frequency as more material is deposited on them.

condensation nuclei

Highly sensitive device (generally used for evaluating fit factors in air-purifying respirators) based on the ability of small concentrations of dust particles to serve as condensation nuclei for ethanol vapor.
Sensing Technologies

A variety of direct-reading instruments for gases, vapors, and particulates are available in the marketplace for the detection of:

-
specific compounds;

-
a range of compounds; or 

-
for specific applications.

Note:
Regardless of how they are packaged, their capabilities and limitations in measuring the levels of a given contaminant are ultimately defined by the sensing technologies they incorporate.


catalytic combustible gas sensor

Heat is released when a combustible gas or vapor is burned (oxidized) in contact with a catalytic filament.

The burning causes a change in the electrical resistance of the detector filament that is proportional to the combustible gas concentration.

electrochemical detectors

Most are based on multiple electrochemical cells (e.g., six-gas sensors, four-gas sensors).

Almost always have combustible gases and oxygen deficiency sensors in addition to other toxic gas (e.g., H2S, SO2, Cl2, NO, NO2, H2, HCN, HCl, and NH3)sensors.

The contaminant chemically reacts within the cell to generate a small electrical current, which is proportional to the contaminants concentration.

Note:
All of these sensors are affected by other compounds.

Sensor sensitivity can be enhanced by adding pre-filters.


thermal conductivity detectors

Rely on the changes in the ability of contaminated air to transmit or conduct thermal energy.

Used to detect combustible gases.

The change in thermal conductivity of the measurement leg versus the transmission leg, results in a change in electrical voltage proportional to the combustible gas concentration.


flame ionization detectors (FIDs)

Burn compounds in a hydrogen flame to produce ions.

Commonly used to detect volatile organic compounds (VOCs).

Ions produced are collected and the electrical current generated is translated into concentrations.

Note:
Require a hydrogen fuel source and atmospheric oxygen.


photoionization detectors (PIDs)

Sensitive to compounds that are ionized by certain wavelengths of ultraviolet light.

Commonly used to detect VOCs and some inorganic gases.

Ions produced are collected and the electrical current generated is translated into concentrations.

Note:
Because they do not combust the compounds being sampled, these instruments can be used in low-O2 environments.


solid state resistors

A type of conductivity sensor with no moving or consumable parts.

When a gas comes in contact with the sensor, it is absorbed by the metal oxide top layer, resulting in a change in resistance.


gas chromatographs

Separates the components of a multi-contaminant stream through differential migration.

Once separated, individual components are analyzed.

A chromatogram is produced to graphically depict individual contaminant concentrations.

Note:
Can be used to identify unknown and unexpected chemicals with high certainty.


mass spectrometers

Are available as person-portable, field-deployable units; however, most are quite cumbersome and are vehicle-portable or laboratory instruments.

Often combined with a gas chromatograph to provide a combined machine.

Once contaminants have been separated in the gas chromatograph, pure compounds are sent to the mass spectrometer where they are ionized.

The relative abundance and mass-to-charge ratios of the different ions are combined graphically as a mass spectrum.


ion mobility spectrometers

Commercially developed for the rapid detection of chemical warfare agents and explosive vapors, versions are now available for detection of other gases or vapors in the workplace.

Ion-molecule reactions are initiated by the electrons emitted from a radioactive source.

The resulting ions are directed to a collector electrode.


photo-acoustic spectrometers

Rely on the absorption of a characteristic band of wavelengths of infrared radiation within a detector cell.

Causes slight heating and, thus, expansion of the gas contained within the cell.

The change in pressure is translated into a concentration of the contaminant within the cell.


surface acoustic wave detectors

Acoustic waves are transmitted at a resonant frequency into a piezoelectric material.

Changes in the frequency can be measured and translated into a signal proportional to the concentration of a particular contaminant in the air.


electron capture detectors

Relies on the ability of the compound of interest to capture primary and secondary electrons from a small radioactive source.

Captured electrons decrease a current flowing from the radioactive source to a collector electrode.

Halogen-, nitrogen, and oxygen-containing compounds are detected with high sensitivity.


colorimetric

Use the reaction of an airborne contaminant with a color-producing agent to yield a stain-length or color-intensity.

detector tubes

Often, a linear scale is printed on the side of the tube.

-
short-term tubes

Provide an instantaneous (0.5–10 minute) assessment of contaminant concentration.

-
long-term tubes

Provide time-weighted average value (1–8-hour) assessment of contaminant concentration. 

-
active air sampling

Both ends of an indicator tube are broken off and a volume of air is drawn through the tube.

-
passive sampling

One end of an indicator tube is broken off and the contaminant progresses down the tube by diffusion.

badges

Rely on the contaminant gas or vapor reacting with an indicating reagent to yield a uniform color change in a portion of the badge.

-
placement of badge

-
orientation of badge

glove breakthrough indicators

Worn underneath chemically-resistant gloves to give an indication of when breakthrough of a compound has occurred.

tape samplers

A chemically treated paper tape is drawn over a sampling orifice at a constant rate.

Air contaminant drawn through the tape reacts with the chemical to produce a stain.

Intensity of the color is proportional to the concentration level.

Note:
Can be used to indicate:

-
levels of exposures;

-
durations of exposures; and 

-
times of exposures.

Potential Issues with Colorimetric Direct-Reading Devices


interpreting results

-
stain fade or change

Since some color stains fade or change with time, readings should be made as promptly as possible.

-
ability to read 


Assessing color-intensity depends on the color perception of the observer and lighting types/levels.


Stain fronts may not be sharp.


specificity

Most colorimetric detector tubes are intended to measure a specific compound or family of compounds.


interferences

Because no colorimetric device is completely specific, care must be taken to ensure that interferences do not invalidate the sampling results.

In most cases, the manufacturer has identified interfering substances and conditions.


reaction rates

The chemical reactions that occur in the detector tube are temperature-dependent.

The tube’s instructions will give an acceptable temperature range in which it is usable.


shelf life

If tubes are not be used very often, they may exceed their shelf-life and expire.


Ensure stock is rotated.


Perform a valuable site assessment before tubes expire; or


Use expired tubes for training purposes.

Calibration of Direct-Reading Instruments
All direct-reading instruments must be calibrated before use and again, at intervals during use (based on manufacturer’s recommendations).

An instrument’s response to a concentration of a substance can shift as a result of a variety of factors:

-
chemical degradation of sensors;

-
physical damage;

-
drift in electronic components;

-
exposure to extreme environmental conditions (e.g., high temperatures);
-
extremely high contaminant exposures; or

-
exposures to poisons or inhibitors.

Note:
Calibration should not be confused with “zeroing-out” the instrument.


full calibration

A number of commercially available static-type calibration kits are available for commonly measured gases and vapors.
These kits usually contain one or more cylinders filled with a known concentration of a specified gas-air mixture.

Once the kit is attached to the instrument, a sample of the gas-air mixture is permitted to flow into the device.

The meter reading of the instrument is then compared with the known concentration of the sample to verify proper response.


functional/bump test
Many direct-reading instruments require a functional test in situations where frequent confirmation of the sensor’s performance is important because of hazardous conditions.

A bump test is performed by briefly exposing the instrument to a concentration of a substance in excess of the lowest alarm set-point for each sensor.

If the response of the instrument is within an accepted tolerance, then the calibration is verified.
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