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OVERVIEW
In Unit 2, we discussed, among others, ambient air quality standards. In the present Unit, i.e., Unit 3, we will discuss the measurement of ambient air quality/pollution, i.e., measurement of the quality of the air we breathe and that of the gases coming out of industries. We will begin the Unit by discussing the need for sampling of the air to measure its quality and in this context will touch upon some sampling devices. We will then discuss sample collection and analytical methods for gaseous air pollutants and particulate air pollutants. We will close the Unit by considering some selected continuous air pollution monitoring instruments.  

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· set up a sampling scheme for air pollution measurement;

· choose a sampling method for air pollution measurement;

· select a flow-measuring device for air pollution measurement;

· collect samples and analyse them to determine the quality of air;

· describe the use of continuous air pollution monitoring instruments.

 

3.1
AMBIENT AIR QUALITY MEASUREMENT

Ambient air, i.e., the air we breathe and the gases that are produced as a result of an activity may contain pollutants that are harmful to us and therefore, it is necessary that we measure their quality. Note that the measurements of air or gases coming out from a source are referred to as source measurements and the corresponding concentrations as effluent concentrations. 

The ambient air quality measurements are used to:

· determine areas and time periods when the levels of pollution exceeds the acceptable values;

· evaluate parameters for air pollution modelling;

· establish and evaluate control measures.

Devices or instruments used for ambient air quality monitoring vary, ranging from unsophisticated grab sampling devices to monitoring networks with telemetry and computer control for measuring and correlating meteorological parameters with the concentration data. 

In Subsections 3.1.1 to 3.1.2, we will examine some aspects of sampling.

3.1.1
Sampling scheme

Any air pollution measurement involves the following two main aspects: 

(i)
Obtaining a suitable representative sample. 

(ii)
Determining correctly the concentration of a given pollutant. 

A typical air pollution sampling scheme, irrespective of whether it is for ambient monitoring or for source sampling, has some common features as shown in Figure 3.1 below: 

Figure 3.1

Typical Sampling Scheme
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As Figure 3.1 implies, the air containing the pollutants enters the sampling train and passes through a sample collection device (e.g., filters, impingers and impactors.) The collection device removes the pollutants, physically or chemically from the air stream and holds the polluted air for later analysis or allows the pollutants to be analysed together with collection. 

Many sampling schemes use the collection devices that remove the pollutants from the air for analysis later. Consider the following in this context: 

· In the wet chemical method for sulphur dioxide, the pollutant (i.e., sulphur dioxide) is held by means of a chemical reaction for further analysis subsequently.

· In the iodometric method, the sample collection device is a bubbler containing a standard solution of iodine and potassium iodide. 

· The high volume sampler for total suspended particulate matter (TSP) uses a filter as a sample collection device. The sample is retained in the collection equipment, which is then removed from the sampling train. The sample is subsequently processed for analysis. 

To move the air by suction through the sample collection device, air movers (see Subsection 3.1.2) are used.  They are usually placed after the sample collection device. We can easily calculate the volume of air sampled by multiplying the flow rate with the time of sampling. 

3.1.2
Air movers 

The primary purpose of an air mover is to create a flow of air that will allow either the direct analysis of pollutants in the air or the capturing of the pollutants in the collecting device for subsequent analysis. The capacity of air movers varies in terms of cubic centimeters per minutes. 

The required flow rate of the air mover is often determined by the sensitivity of the method employed for analysis. For example, if an analytical method requires 1ug of the pollutant to be obtained for the desired precision and if the air contains 1ug/m3 of that material, a sample size of 1m3 will be required. The necessary flow rate of the air mover can be collected from the available sampling time and the sample volume required. Thus, if 1m3 of air has to be moved or sampled in a period of 1 hour, an air mover of 1m3/hr capacity will be required.

The rate of air-flow dictates the selection of an air mover. In other words, the sample collection device, the connecting tubes and other fittings offer resistances to the air to flow through them. An air mover should, therefore, be able to develop sufficient pressure head to overcome these resistances in order to accomplish efficient sample collection. 

3.1.3
Measurement of air-flow rate 

The air-flow measuring device can be broadly classified into the following three categories:

(i)
Volume meters: These measure the total volume (V) of the air or gas passed through the meter over a specified period of time. If the time period, measured by a watch or timing device is, t, the flow rate can be calculated by: 

Q = V/t 




Equation 3.1
(ii)
Flow rate meters: These directly measure the flow of the air or gas. Note that we need to calibrate these meters before use.

(iii)
Velocity meters: These measure the linear velocity of the gas in the channel. The flow rate can be calculated by multiplying the linear velocity with the area of the channel through which the gas or air flows. 

We will discuss these three air-flow measuring devices, next.

Volume meters

As mentioned, volume meters measure the total volume or mass of the air that passes through them in a given time. The commonly used volume meters included the following:

(i)
Spirometer: This consists of a cylinder of known volume, closed at one end with the open end submersed in a circular tank of a liquid, usually water. The cylinder can be opened or closed to the atmosphere with the help of a valve. As the cylinder is lowered into the water, it displaces the air and causes it to be discharged from the cylinder. We can, thus, regulate the rate of discharge of air. The volume of air passed through the Spirometer can be calculated by: 


V = ( d2 h/4 



Equation 3.2
where V = the volume of the air that passes through the Spirometer, d = diameter of the cylinder and h = vertical displacement of the cylinder.

(ii)
Displacement bottle: This consists of a bottle filled with water or some other liquid and a tube through which the air can enter the bottle. As the liquid in the bottle is siphoned or drained out, the air gets drawn in to take its place. The volume of the gas sampled is equal to the volume of the liquid displaced.

(iii)
Orifice meter: This consists of a thin plate having one sharp-edged circular hole fixed in such a way that the hole is coaxial with the pipe. Two pressure taps, one each on the upstream and downstream of the orifice plate, measure the pressure loss across the orifice by means of a manometer, pressure gauge or a differential pressure electrode device. The pressure loss so measured can be related to the rate of flow of the gas. Watch jewel, small bore tubing or specially fabricated plates or tubes with small holes can be used as an orifice.

(iv)
Soap-film meter: This consists of a graduated glass tube closed at the bottom and open on the top. It has two openings at the bottom, one for air or gas entry and other for inserting a closed rubber bulb. A liquid soap solution of a proper consistency is filled in at the bottom of the closed end of the gas tube, approximately up to the two openings. Squeezing the rubber bulb will form a soap film that travels up the glass tube at a velocity depending upon the airflow rate. The time required for the film to travel to a given height can be noted and the flow rate calculated. The soap-film meter is invariably used in laboratory conditions and for calibrating other flow meters.

(v)
Dry-gas meter: This consists of two bellows that are alternately filled or emptied. Sets of dials are actuated that display the volume of the air passed. A stopwatch can be used to time the duration of the flow of a given volume of air.

(vi)
Wet-gas meter: This consists of chambers mounted around a central shaft. Some of these chambers are completely immersed in water, thereby sealing the rotating chamber. Entrapped air passes through the water-filled section, as the shaft rotates, and is released above the surface of water by means of a valve at the top of the assembly. The rotating shaft activates an index dial that displays the air volume as a function of the number of revolution of air-filled chambers of known volume. Timing of the air volume with a stopwatch will help us arrive at the flow rate.

Flow rate meters

The most widely used flow rate meters are:

(i)
Rotameter: This is a most widely used field and laboratory device for the measurement of gas-flow rate. It consists of a vertical graduated tube, slightly tapered from top to bottom, and a float. The gas or air passes up through the tube, and the measure of flow rate is calculated by the float position in the glass tube.

(ii)
Mass-flow rate meter: This works on the principle that when a gas passes over a heated surface, heat is transferred from this surface to the gas. The amount of electrical current required to keep the surface at a constant temperature is a measure of the mass-flow rate of the gas going past the heated surface. Mass-flow rate meters are used both in field and laboratory. Calibration, however, has to be done with the same gas as in actual use because different gases have different thermal properties.

Velocity meter

The most widely used velocity meter is a pitot tube. We can experimentally determine the velocity of a gas at a given point in a channel with the use of a pitot tube. Pitot tubes are used extensively to measure air-flow in effluent stacks. 



3.2
SAMPLE COLLECTION

The air or gas containing the pollutant is passed through a collector that retains the pollutants for subsequent analysis. The methods of collection used for a gaseous pollutant such as sulphur dioxide and an organic vapour are different from those used for particulate matter. In Subsections 3.2.1 and 3.2.2, we will discuss some of the sample collectors used both for gaseous pollutants and particulate matter. 

3.2.1
Gaseous air pollutants

The common gaseous air pollutants are SOX, NOX, O3, H2S, HCl, hydrocarbons and other vapours, and we can use the following methods for their collection:

(i)
Absorption in reagent solution: Absorption of gaseous pollutant in reagent solution is probably the most frequent method employed to collect the gaseous pollutants. The collection takes place either through solubility or by chemical reaction. The reagent is normally in specially designed bottles called impingers through which the sampled air is made to pass in the form of finely divided bubbles. As a rule, we must employ an excess of the reagent especially in cases where the time of sampling is large.

(ii)
Adsorption on solids: Hydrocarbons and other higher- boiling pollutants are best adsorbed on solids such as activated carbons, alumina or silica gel. Large total surface of the adsorbed, high concentration of materials to be adsorbed as well as low temperature favour extent and rate of adsorption. The sampled air is passed through a packed column containing finely divided solid adsorbent. If possible, the column may be maintained below room temperature by means of cooling water or dry ice bath.

(iii)
Condensation at lower temperature: We can condense out the gaseous pollutants in air by passing the sampled gas through series coils immersed in containers (e.g., cryogenic containers) cooled by freezing mixture. We can employ liquid air (-1470C), nitrogen (-1950C), oxygen (1830C), octane-dry ice (-800C), ice-salt mixture (-160C) or ordinary ice for cooling purpose.

(iv)
Grab sampling: A collection of a small but a representative air sample using an evaporated flask or an inflatable bag constitutes grab sampling. Grab sampling is usually taken at a particular location and time within a few seconds up to a minute or two. They are usually taken in one of the following ways:

· using an evacuated container;

· purging or displacing the air;

· displacing the liquid;

· inflating a plastic bag;

· using a syringe;

· using an adsorbent cartridge.

Grab sampling techniques are preferred to continuous sampling in certain situations. Field condition where electricity and laboratory facilities are lacking often necessitates this type of sampling. Also, when concentrations of pollutants vary considerably with time, it may be necessary to adopt this method.

Having discussed sample collectors for gaseous air pollutants in Subsection 3.2.1, we will next consider sample collectors for particulate air pollutants.

3.2.2 
Particulate air pollutants

Sample collectors for particulate air pollutants are required for the following two situations: 

(i)
Ambient air measurement: This involves the measurement of particulate concentration in the ambient air that people breathe. 

(ii)
Source measurement: This concerns the air or gas flowing in the channels or stacks of an industry. 

In what follows in this Subsection, we will discuss the sample collectors for ambient air measurement and source measurement.

Sample collectors for ambient air

The two commonly used ambient air samplers are:

(i)
Dust-fall sampler:  Particulate pollutants are divided generally into dust that readily settles in air and dust that remains suspended as an aerosol. Particles larger than 10 microns are usually thought to be settleable while those smaller than 10u are usually considered suspended. The larger particles include significant portion of particles from natural sources whereas smaller particles are usually from anthropogenic sources such as combustion or process losses. By simply placing an open container in an outdoor area, we can collect particles of large size. Dust-fall collectors are usually made from polyethylene, glass or stainless steel. A typical dust-fall container is constructed from a plastic material of 20 to 33 cm high and 10 to 15 cm in diameter at the base, with a slight inward taper from top to bottom. Occasionally, water containing an algaecides (1mg copper sulphate/lit. of water) is added in the vessel up to 500ml to facilitate retention of particles. In sampling larger areas, it is desirable to employ at least one dust fall container for every 15 square kilometre. However, if the dust-fall sampling is intended to measure the effect of an industry or industrial complex, containers of similar shape and size should be placed as close as 30m apart.

(ii)
High-volume sampler:  The particles measured by the dust-fall collectors represent only a portion of air-borne dust. They are large in size, generally, more than 10 microns. The particles that are less than 10( are more harmful when they are inhaled through the respiratory system. They must, therefore, be collected. For high volume sampling and collection, we use a single functioning unit that consists of a shelter and filter assembly. The shelter allows an unrestricted access of ambient air from all directions using a suction blower (e.g., air mover) of a known capacity. The air passes through a glass fibre filter with 18 by 23-cm filter area at a flow rate of 1 to 1.7 m3/minute. The flow velocity in the annular area between the roof cover and filter holder assembly does not permit particles greater than 50 microns to enter the system. Metal ion content of the glass fibres requires careful determination of a blank when the filter is used to collect particulates for subsequent metal ion analysis. The high volume sampler and the collectors described above collect the suspended particles up to about 50 microns. While such a measurement may be adequate for defining the total suspended matter in the ambient air, it is not suitable for evaluating the potential health effects of particles that are less than 10 microns size. Recently, size selective inlets have been developed for high volume samplers to allow the collection of only inhaleable particulate matter, i.e., particle inlets having a10 microns cut point. In high volume samplers, particles of more than 10 microns size get separated out before the air goes through the filter.

Sample collectors for source measurement

The aim of particulate matter measurement in channels and stacks is to determine the amount and the nature of pollutant contained in the gases emitted from a source. The particles concentration data can be used to:

· determine compliance or non-compliance of standards;

· select and design air pollution control equipment;

· determine efficiency of processes and control equipment;

· determine emission factors for an activity or processes;

· suggest ways to improve the efficiency of controlling equipment.

To carry out a proper sampling and concentration measurement of an air pollutant present in air/gas streams from an activity or industry, we must consider the following: 

(i)
Isokinetic sampling:  For a gas sample to be representative of the duct stream, it should have the density and concentration equivalent to the average values in the main stream. When the gas is drawn into the nozzle of the probe with a velocity equal to the approach velocity, the gas-stream flow does not get disturbed. This is called Isokinetic samplings. As per EPA, the nozzle or channel velocity will be greater than and equal to 0.9 and smaller than and equal to 1.1. We should ensure that during sampling the flow pattern of the main flow of the gas in the channel is not disturbed by the presence of the nozzle and probe. Therefore, we should choose a streamlined nozzle and probe, and the size of the nozzle should be as small as possible, preferably between 3 and 6 mm.

(ii)
Number and position of traverse point:  A vertical section of channel duct or stack should be chosen for particle concentration, as particles try to get segregated in a horizontal section. Sites near the entry or exit, bends, enlargements, concentration or pipe fittings such as valves etc., should be avoided. And, no observation should be made within 3 cm from the wall of the duct .The number of measurement or traverse points for ducts less than 1m is recommended to be 7 or more. The cross-section of the duct should be divided into equal areas equal to the number of traverse points chosen. The measurement points should be located at the centre of those areas.

(iii)
Concentration measurement:  This can be done by using a sampling train consisting of a nozzle, probe, particulate collector, flow measuring device and a suction or vacuum-producing unit. There are a number of sampling trains in use but the most commonly used are the ones recommended by EPA or their modifications. The sampled particles are, therefore, directed towards heated and cooled sections. The heated section consists of a filter holder, glass fibre filter or an adsorption unit. Sometimes, a cyclone separate of a very small-diameter body is incorporated to collect particles. The moisture content should be determined preferably from dew point measurement but can also be determined dry and wet bulb temperatures and hydrometric charts.



3.3
ANALYSIS OF POLLUTANTS: ANALYTICAL METHODS

The collected gas sample can be of one of the following forms:

· Absorbed in a liquid, often with a chemical reaction.

· Adsorbed on a solid.

· Filtered of a filter.

· Quantity of air collected in a container or bag.

For some pollutants, the concentration can be measured easily. For example, by gravimetric method, we can measure the concentration by direct weighing. In a higher volume sampler, the weight of the filter is determined before and after a known volume of the air has been sampled. We can express the concentration of the particulate pollutants as ug/m3.

Other analytical methods include the following:

(i)
Colourimetry:  This is defined as an analysis in which the concentration of a coloured substance is determined by measuring the light passing through it. Colorimetric analysis is commonly employed for the measurement of sulphur dioxide and nitrogen dioxide.

(ii)
Coulometry:  This is the mode of analysis in which the quantity of electrons required to oxidize or reduce a substance is measured. Coulometric cells for continuous measurement of sulphur dioxide and nitrogen dioxide have been developed.

(iii)
Chemiluminescence:  This method of measuring ozone uses the reaction of Rhodamine B impregnated on activated silica gel with ozone. A photo multiplier tube detects chemiluminescence produced. The resulting photomultiplier signal can be related to the incoming ozone concentration. Analysers based on chemiluminescence that can measure ambient level of NO and NO2 are available.

(iv)
IR and UV:  In this method, infrared or ultraviolet radiation is passed through a chamber containing the air sample. The dispersed radiation is then detected. CO can be measured easily by means of an infrared spectrophotometer.

(v)
Flame ionisation:  Flame ionisation detectors have had a wide application as a continuous monitor for hydrocarbon. The sample to be analysed is mixed with hydrogen and passed through a small jet; the air supplied supports combustion. An electrical potential across the flame produces an ionic current proportional to the number of carbon atom.

(vi)
Gas chromatography:  This is a technique for the separation of closely related compounds such as a mixture of hydrocarbon. The sensitivity of this method is very high. It is particularly useful for the volatile organic compounds and toxic air pollutants such as benzopyrene in the urban atmosphere. 














3.4
CONTINUOUS AIR POLLUTION

MONITORING INSTRUMENTS

Automated instrumental methods have assumed an increasing prominent role in monitoring gaseous pollutants in air. The advantages of instrumental methods have made many manual, older wet-chemical methods largely obsolete. Real-time data output, in-site (at site) measurement and the ability to transmit data directly into computers represent the major advantages of instrumental methods over manual methods.

Optical techniques that measure spectroscopic properties of molecules provide the basis for many air-monitoring instruments. The monitors utilise the characteristics of gaseous pollutants that are relatively specific for the pollutants. Light scattering photometers shown in Figure 3.2 are also commonly used for continuous sampling of fine particles present in the gases: 

Figure 3.2

Light Scattering Photometer: An Illustration
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The absorption of ultraviolet light by ozone and the absorption of IR light by carbon monoxide, SO2, NO and CO2 are the spectroscopic properties that are also used in many instruments. A special remote sensing device has been recently developed to determine the concentration of vehicular exhaust emissions. The components in the exhaust emissions that can be measured in this device are hydrocarbons, carbon monoxide and carbon dioxide. A schematic diagram of this instrument is shown in Figure 3.3: 

Figure 3.3

Remote Sensing System for CO and HC Emission
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We can measure the absorption of beam of infrared light by the carbon dioxide, carbon monoxide and the hydrocarbons present in the tail pipe gases. The infrared detector not only measures the instantaneous emissions of the gases from the vehicle exhaust but also determines the statistical account of the vehicle movement in a particular area. One main limitation of the current remote sensing device is that it can undertake measurements only in one lane at a time and require the vehicles to pass in a single file. 

An ability of a particular pollutant to oxidise halogens has also been used in some monitors .The electrical and magnetic properties of gases such as oxygen are also used in pollution monitoring. Table 3.1 below gives a list of gaseous and the detectors that have been used in some of the monitoring instruments:

Table 3.1. 

Types of detectors used for gaseous pollutants

	Gas/gases
	Types of detectors

	SO2, NO, NO2
	UV- visible photometric.  

	SO2
	Fluorescence 

	SO2, CO2
	Infrared

	NO2, NO.
	Chemiluminescence

	SO2, NO, NO2, CO, O2.
	Polarographic

	O2
	Electrocatalytic, Paramagnetic.

	Hydrocarbons 
	Flame ionization.



SUMMARY

In this Unit, our focus was on the measurement of ambient air quality/pollution, i.e., the quality of air we breathe and that of the gases emanating from the industries. We discussed the need for sampling, and in that context, described some sampling devices. We then discussed some sample collection methods and the methods of analysis. We closed the Unit by describing some instruments that help us continuously monitor the pollution.    
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Unit 3


Model Answers to Learning Activities
LEARNING ACTIVITY 3.1
Many of the polluting gases such as sulphur dioxide, carbon monoxide and solvent vapours are colourless. When these gases are emitted from a stack, they may appear colourless but they possess all harmful effects that are associated with them. In short, these gases when present with other gaseous components do create pollution.

LEARNING ACTIVITY 3.2
	Volume travelled by the soap film in 30 seconds
	= ( ( (0.05)2(0.15

               4

= 0.000295 m3

	Time taken by the soap film to travel a height of 15 cm 

	= 30 seconds

	Therefore, the volume flow rate of the gas in m3/s
	= 0.000295 / 30

= 9.83 x 10-6 m3/s


LEARNING ACTIVITY 3.3
The absorption of SO2 will be more in the second case, where the size of the gas bubble is smaller, i.e., 1 mm. This is because when the size of the bubbles is small, the specific interfacial area (i.e., the interfacial area between gas and liquid per unit volume of the gas-liquid mixture) is higher. As the rate of dissolution of SO2 is proportional to the interfacial surface area, the absorption in the second case is higher as compared to the first case (i.e., when the size of the bubbles in the impinger is 0.5 cm). 

LEARNING ACTIVITY 3.4
The continuous air pollution monitoring instruments have the following advantages over the manual and wet chemical methods:

· We get the real time data output.

· We can meet the requirement of in-situ measurements. 

· We are able to transmit data directly into computer systems.










































































































(LEARNING ACTIVITY 3.4





List the advantages of continuous air pollution monitoring instruments over manual and wet chemical methods used for the analysis of air pollutants.





Note:





a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 3.3





An air-sulphur dioxide mixture is to be absorbed in an alkaline solution for further analysis. 2 m3/minute of gases are bubbled through two similar impingers (i.e., bubblers) containing equal volume of solution. The size of gas bubbles obtained in the two impingers is 0.5 cm in the first and 1mm in the second bubbler. Say in which of the two cases the absorption of SO2 will be more and why.





Note:





a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 3.2





A soap film metre is used to determine the flow rate of a gas. It consists of a graduated cylindrical glass tube closed at the bottom and open on top. The diameter of the cylindrical section of the glass tube is 5 cm. In one of the measurements, the soap film is found to travel a vertical distance of 15 cm in a time of 30 sec. Estimate the flow rate of the gas in m3 / sec.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 3.1





Gases coming out from a stack in a chemical industry are colourless. Do these colourless gases cause pollution? Give reasons.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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