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Types of pollutant sampling and measurement Air quality monitoring:



Sampling and measurement of air pollutants generally  known, as air quality monitoring.



It is an integral component of any air pollution control  programme.



Monitoring is important:



1. Air quality can be evaluated



2. Information is helpful in implementing control  measures for reducing pollutant concentration to  acceptable levels.



3. Assessing the effect of air pollution control strategies.



(2)
Classification of sampling methods



• Sampling of impurities of every nature (Ranging from particulate matter to gases)



• Sampling under various environmental conditions (ranging from samples taken from chimneys to samples taken in the open air)



• Sampling methods varying according to the time factor (Ranging from intermittent to continuous sampling).



Air Quality measurement is undertaken in two situations 1. Ambient air quality measurement



2. Stack monitoring



Ambient air quality measurement: Where the pollutant levels in the ambient atmosphere are measured.



Stack sampling: It deals with the pollutants emitted from a source such as smoke stack and is known as stack sampling.



It provides information on the nature and quantities of various pollutants

that are emitted into the atmosphere.



(3)
Difficulties encountered in sampling:



1. Collecting samples of true representative character .



2. Errors arising from methods used for the collection and separation  of the various components of pollution.



3. Difficulty in preventing any change in the concentration of 



particulate matter in suspension, as a result of sampling operation.



(4)
Basic consideration of air sampling



1. The sample collected must be representative in terms of  time and location.



2. The sample volume should be large enough to permit  accurate analysis.



3. The sampling rate must be such as to provide maximum  efficiency of collection.



4. The duration of sampling and frequency of sampling should  reflect accurately the occurrence of fluctuations in pollution  level.



5. The contaminants must not be modified or altered in the 

process of collection.



(5)
Ambient Air Sampling Methods 



There are many methods available for collection of Air  pollutants from atmospheric air in process of 



Environmental Monitoring.



▪ Grab Sampling, 



▪ Absorption in liquids, 



▪ Adsorption on solids materials



▪ Freeze-out sampling



(6)
Grab Sampling 



(7)
Grab Sampling 



• Air sample is collected by filling an evacuated flask.



• This is very old and traditional Ambient Air Sampling Method.



• Plastic bags have been used for grab sampling for storage of gas & then subjected to analysis of grabbed sample.



• Grab sample may be taken using rigid wall containers made from glass or stainless steel.



• These containers first evacuated & then filled by air to fill the container.



• Alternatively, a container may be filled with water &



then used as a collector simply by draining water

which is replaced by filling air sample.



(8)
(9)
Absorption in Liquids



• Absorption of gaseous pollutants in liquid medium is one of the most common method for collecting air samples.



• To bring out high degree (pollutant) gas-liquid contact, impingers & midget type’s devices are used.



• These devices can handle sample flow rates about 30 to 3 litres per minutes respectively.



• Particular absorbent-liquid (say 0.1 N NaOH) is filled inside Impinger. Flow is controlled with help of flow control devices.



• If done with sampling procedure, particular absorbent is then desorbed into lab for analysis & then concentration of (say, NOx) required gas is calculated.



• The absorbent, which is the collecting agent, may change either physically or chemically or both during the absorption process.



• Majority of Environmental Consultancy firms prefer this absorption in liquids among ambient air sampling Methods because of there is very negligible loss of degree of quality as well as quantity of pollutants while carrying it to laboratory.



Fig: Fritted glass scrubber for 

sampling gaseous pollutants.



(10)
(11)
Gas Solvent used for absorption


SO2 Water or H2O2


O3 Aqueous KI


NO2 NaOH


CO Ammonical Cuprous chloride


CO2 Alcohlic KOH


O2 Alkaline pyrogallol


Hydrocarbons Oils



SO
2(g)   +    H
2O
2(liq)    →  H
2SO
4(liq)



CO
2(g)    +    2KOH   →   K
2CO
3(s)     +   H
2O



(12)
Adsorption on Solids



• In this Ambient Air Sampling Method pollutant gas is absorbed on surface of solid.



• The air sample is passed though packed column containing finely divided adsorbent on whose surface pollutants are retained.



• Commonly used adsorbent is activated charcoal & silica gel.



• After sampling, sample gases are desorbed into lab for analysis.



• Large amount of gas can be sampled easily by this technique.



• This may be accomplished by washing adsorbent with liquid solvent.



• The main limitation with this technique is that polar substances cannot be desorbed easily from the solid adsorbent.



• Apolar, low volatile organics, such as Polycyclic aromatic hydrocarbons (PAHs) adsorb best on activated carbon.



Benzo[a]pyrene: 



A potential carcinogen



(13)
Freeze-out sampling (Condensation)



• Freeze-out sampling contains series of cold traps which being used to condensate air pollutants from air.



• The gaseous pollutants like volatile organic compounds (VOCs) can be removed from air by condensation.



• In this method, the air stream is made pass through the different collecting chambers of the condenser each maintained at progressively decreasing temperature (0 ⁰C to -196 ⁰C) i.e. ice bath to liquid nitrogen temperature.



• The traps are bought into laboratory, samples are removed, & analysis by

means of mass spectrophotometry, Gas Chromatography,

Spectrophotometry etc.



(14)Volumetric analysis of air pollutants: 


The concentration of chemical specie is estimated by doing titration. In a titration the test substance 
 (analyte)  in  a  flash  reacts  with  the  reagent  added  from  the  burette  as  a  solution  of  known 
 concentration. This is referred to as a standard solution and is called the titrant. The volume of the 
 titrant required to just completely react with the analyte is measured. The end point of titration is 
 indicated by the sharp change in the physical appearance of the contents of conical flask.


       aA    +   tT    →   product 


An example is the estimation of ammonia. The ammonia can be absorbed in a known 
 volume  of  standard  acid  solution.  The  unused  acid  is  then  determined  by  back 
 titration  with  standard  base  solution.  The  consumed  acid  is  proportional  to  the 
 amount of ammonia. 


      NH3(g)  +   HCl    →     NH4Cl 


SO2(g)   +    H2O2(liq)    →  H2SO4(liq) 
CO2(g)    +    2KOH   →   K2CO3(s)     +   H2O 



(15)
Gravimetric analysis of air pollutants: 



In this technique, the soluble analyte (gaseous pollutant) is converted into sparingly  soluble form (precipitate) by treating with appropriate reagents. The precipitate is  then weighed. From the mole relationship between the analyte and the precipitate,  we can calculate the weight of the analyte. An example is analysis of CO 2 . The  gaseous CO 2  is absorbed in KOH tube of known weights. The increase in weight of  tube is proportional to the amount of CO 2 . 



CO 2 (g)    +    2KOH   →   K 2 CO 3 (s)     +   H 2 O 



(16)
Atomic absorption spectroscopy (AAS) Principle



The electrons in the atoms can be promoted to higher orbitals (excited state) for a short period of time (nanoseconds) by absorbing radiation of a fixed wavelength. This wavelength is specific to a particular electronic transition in a given element and helps in the identification of element.



The amount of radiation absorbed at this particular wavelength helps to

quantify the element present in the given sample. For this, the radiation

flux without a sample and with a sample in the atomizer is measured using

a detector and the ratio between the two values (the absorbance) is

converted to analyte concentration or mass using the Beer-Lambert Law.



(17)Instrumentation:


In order to analyze a sample for its atomic
 constituents, it has to be atomized. The atomizers
 most commonly used nowadays are flames and
 electrothermal (graphite tube) atomizers. The atoms
 should then be irradiated by optical radiation, and
 the radiation source could be an element-specific
 line radiation source or a continuum radiation
 source. The radiation then passes through a
 monochromator in order to separate the element-
 specific radiation from any other radiation emitted
 by the radiation source, which is finally measured
 by a detector.


Job of the nebulizer:


1. To suck up the liquid sample at a controlled rate
 2. To create a line aerosol for introduction into the flame
 3. Mix the aerosol, fuel and oxidant thoroughly into the 


flame


Job of the atomizer:


1. To destroy any analyte ions and breakdown complexes, if 
 any


2. Create atoms of the elements of interest
 Job of the monochromator:


1. To isolate analytical lines photons passing through the 
 flame


2. To remove scattered light of other wavelength from the 
 flame


Job of the photomultuplier tube: 


1. To convert the intensity of the photons of the analytical 
 lines into current (signal)



Schematic diagram of AAS



(18)
Fourier Transform Infrared spectroscopy (FTIR): is a technique which is used to obtain an infrared spectrum of absorption of a solid, liquid or gas. With this technique it is possible to identify the types of chemical bonds and functional groups.



Principle: The chemical bonds in molecules are elastic in nature and vibrate about the mean internuclear distance. The vibration frequency is decided by the force constant of the chemical bond and mass of the atoms involved. This frequency number is thus a characteristic of the chemical bond. The energy required to make vibrational transition is dependent on the vibration frequency of chemical bond and thus helps in the identification of the chemical bond.



Also the intensity of absorption is directly proportional to the concentration of chemical bonds in a given sample.



Note: The vibration of chemical bonds must involve a change in dipole moment in order to give IR spectrum.



Schematic of FTIR instrument



(19)Analysis of SO2


1.  Analysis  of  SO2  by  PRA  method:  concentration  of  SO2  in  atmosphere  can  be 
 determined  by  bubbling  the  test  sample  of  air  through  a  dilute  solution  of  sodium 
 tetrachloromercurate (II), ie Na2(HgCl4), obtained by the action of  HgCl2 on NaCl 
 in presence of sulphuric acid. 


2NaCl  +   HgCl2     →    Na2(HgCl4) 


The sulphuric acid destroys only nitrogen oxide present in the air sample. 


Na2(HgCl4)   +    SO2   +   H2O  →   Na2[HgCl2(SO3)]    +  2HCl 


       Sodium dichlorosulphito mercurate (II) 


The  above  mixture  is  treated  with  a  mixture  of  p-rosaniline  dye  (PRA), 
 formaldehyde  and  phosphoric  acid.  The  PRA  is  converted  to  p-rosaniline 
 methylsulphonic acid 


Na2[HgCl2(SO3)]    +  CH2O   +  H3PO4  +      


C


NH2+


p-rosaniline


↓ 


C


H+


N


CH2SO3H


+    HgCl2  +   H2O   + Na2HPO4


p-rosaline methylsulphonic acid (red violet color), At pH = 1, λmax= 575nm 



(20)2. Analysis of SO2 by acid titration method: The SO2 is absorbed in H2O2.  
 SO2  +  H2O2  →  H2SO4


The  amount  of  H2SO4  formed  can  be  determined  by  titrating  it  with  a  standard 
 solution  of  NaOH  and  using  phenolphthalein  as  an  indicator.  The  end  point  is 
 detected  by  a  sharp  change  in  color  from  colorless  to  pink  color.  HCl  and  HF 
 interfere in this method. 


3. Reduction method for SO2 :  


SO2 + 4 KI + 2 H2O = 4 KOH + S + 2 I2 


I2   +   2Na2S2O3     →     2NaI  +  Na2S4O6


SO2 reacts with KI and the liberated I2 is titrated against standard solution of sodium 
 thiosulphate. H2S, O3 and organic matter interfere. 


4. Lead Candle method: In this method candle made of PbO2 is exposed to SO2


which reacts to give PbSO4.  


PbO2   +  SO2    →   PbSO4


The change in weight of the candle gives the amount of SO2 present in the air. Dust 
and particulates may be deposited to give erroneous results.  



(21)Analysis of CO 


1.  Hopcalite  based  CO  monitoring:  Hopcalite  is  a  mixture  of  copper  and 
 manganese oxides used as catalyst to convert carbon monoxide into carbon dioxide 
 when exposed to the oxygen in air. The conversion of CO to CO2 is exothermic. The 
 amount of heat raises the temperature and the change in temperature is measured. 


The change in temperature is proportional to the concentration of CO.  


Alternatively  CO2  produced  in  the  reaction  may  be  absorbed  in  alcoholic  KOH 
 solution and the amount can be estimated acidimetrically.  


2. FTIR for the estimation of CO: In this technique the extent of absorption of IR 
energy by a column of a sample of gas is measured. The peak absorbing wavelength 
of CO is ν=2169.7cm-1. This method is used when the concentration of CO is up to 
a level of 150ppm. Dust and moisture must be absent.  



(22)Analysis of CO2


1. Monitoring of CO2: The CO2 can be absorbed in a known volume of standard 
 base solution. The unused  base is then determined by back titration with standard 
 acid solution. The consumed base is proportional to the amount of CO2. 


      CO2(g)    +    2KOH   →   K2CO3(s)     +   H2O 


2.  Monitoring  of  CO2  by  FTIR:  The  antisymmetric  stretching  vibration  of  CO2


appears at 2349.3cm-1. The concentration of CO2 can be estimated by measuring the 
intensity of absorption at this wavelength.  



(23)
Analysis of O
3


1. O
3 by Iodide method: In this method O
3 is reduced with KI and liberated I
2 is  determined by titrating with a standard sodium thiosulphate solution using starch as  indicator.  



O
3  +  2KI  +  H
2O   →  O
2 +  I
2 +  2KOH  I
2   +   2Na
2S
2O
3     →     2NaI  +  Na
2S
4O
6


2. O
3 by diphenyl sulphonate method: When O
3 is reacted with HClO
4 and sodium  diphenylamine, a red colored product is formed. The absorbance of this solution is  measured at 590nm. 



Oxidized  form  is  red-violet  in  color  and  reduced  form  is 

colorless.  



(24)Analysis of Ammonia 


1. Indophenol method: a sample suspected of containing ammonia is treated with 
 sodium hypochlorite and phenol. The formation of indophenol is used to determine 
 ammonia. The amount of indophenol formed can be estimated by the measuring the 
 amount of light absorbed at 630nm. Working range 0.25-1µg/ml. 


      


2. Nitrite method: It is based on the reaction of (NH4)2SO4 with HOCl and Br2 gas 
 to give colored complex. The peak absorbing wavelength is 550nm.  


3.  Nessler  method:  In  this  method  ammonia  is  absorbed in  H2SO4  and is  reacted 
 with HgCl2 and KI (in NaOH). The formation of brown color complex is measured 
 at 450nm. Working range is 10-100µg/ml.  Important reactions are: 


HgCl2  +   KI   →  HgI42-   +  NH3  +   3OH-    →  NH2Hg2IO   +  7I-  +  2H2O 
       (brown color) 



(25)Analysis of H2S 


1.  H2S  by  methylene  blue  method:  H2S  is  treated  with  N,N’-dimethyl-4-
 phenylenediamine and dissolved in HCl. The dye (methylene blue) so formed in the 
 presence of FeCl3 is measured by spectrophotometry at 670nm. The molar extinction 
 coefficient of the dye at 670nm is 95000 litre/(mol-cm).


N
 H2N


H2S   + S


+


N


N
 N


Methylene blue
 H+/FeCl3


Cl-


Working range is 1-10µg/ml. SO2, O3 and NH3 do not interfere.  


Absorption spectrum of methylene blue in terms of molar extinction coefficient.  



(26)
2. H
2S by titration: H
2S is treated with KI and liberated I
2 is titrated with a standard  solution of Sodium thiosulphate solution using starch as indicator. The color change  from blue to colorless is the end point  



I
2   +   2Na
2S
2O
3     →     2NaI  +  Na
2S
4O
6


The method is applicable only in absence of SO
2. 
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