SOURCES OF AIR POLLUTION

The composition of dry air in the atmosphere contains, in addition to major constituents nitrogen
zzia?"ygen. minor and trace level constituents. Air is considen_ed to be polluted when it contains
undelsni:l;lfstances in (.:oncentrations high enough and for dt.lrauon long enough to cause hgrm or
insucha e Efjft?cts. Air pollution is defined as the presence n _the athSphere of air contaminants
iterr.. UaNtities and duration that they may tend to be injurious to life, or property, or they may

I :
trfere with the comfortable enjoyment of. life or property, health, repose and safety. These
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. . . U’f‘ec
es, fumes, vapours, aerosols, and liquids and particulate Mattey, .
' I
. I'O

her and air pollution arises. | -
_There has always been a balance betweﬁn I?aturzi)i(;ggsst E:td Slnlg; to air pollutiOH ]
and industrial activities have created po utlolll] F t : overbur ctlen 3 natu’r " hum
stems for pollutants. The places ﬁ'or? \.Nth’h pollutants emanate are called N— g
:g which pollutants reach arc called ‘sinks (soil, vegeta;u]):)n, etc.). Receptors are inanimesnnatit
as animate bodies that receive and are seriously affected by pollutants, 2egg),
Sources of air pollution are natural as well as man-made. Natura] sources 5

forest fires and dust storms. Man-made sources are industllrial, metallurgi.c{il, manuf: vl?]?anm
utility establishments. Most of the anthropogenic atmospheric pollutants Originate frop, . fing
processes. The mechanisms v‘{her'eby pgllutants are remove.d from'the atmosphere am Ustj
‘scavenging’ processes. Oxidation is a prime removal mechanism for inorgan;c as we as“; rcau|

8an
gases. : -
Air pollution problem has local, regional, continental and global ramificatiopg. L

pollution affects at the local, municipal, town and city levels; regional level pollutjon affe "
troposphere level and continental pollution at the stratosphere level. Global leve] ponutioqs atf}
the entire atmosphere. Sources causing pollution at different levels are different, M affeq

1. Local Level Pollution. Local agricultural activities, waste, sewage disposal anq 0
and service establishments. '
2. Regional Level Pollution. Power plants and large-scale industries.

Continental Level Pollution. Acid rain.

4. Global Level Pollution. Air transport, atmospheric testing of nuclear weapons, deple
of ozone layet, global warming due to “greenhouse” effect, reduction of solar ﬂu;c reachi:,
the earth due to contaminants in the atmosphere. |

Air pollution sources are either site-specific, such as industrial power plants, waste disposabl;
units, residential, occupational and recreational places, or diffuse or mobile sources, such as

. . . L]
agriculture, forestry, mining, and vehicular and other transport systems.

Air pollutants from the atmosphere reach the surface of the earth by sedimentation, washout or
impaction. If the pollutant is soluble in water, it can enter the food chain directly through or via
aquatic organisms. If the pollutant is not soluble in water, it may settle on plant leaves and fruis
and thus may enter the food chain.

]g’ollutants can originate from point, non-point (diffuse) and mobile sources. Stationary objects
which release pollutants, are classified as point sources (e.g. factories, smokestacks). Since bulkof
the anthropogenic pollutants, both criteria and hazardous types result from industrial activity the
power plants (thermal and nuclear), and oil refineries, metallurgical and chemical industries &4
refuse incinerating plants fall in this category, Volcanic eruptions release large quantities of particus®
matter of complex chemical composition, oxides of sulfur and compounds of fluorine. Therefor
among the major sources of natural pollution volcanoes are also included in this category: N
point diffusion sources are residential areas, hospitals, utility and waste-disposal units, forest?
(forest fires) and agriculture operations. The mobile sources are a special category of nos "
emitters. Transport vehicles using coal, diesel or gasoline, contribute a major patt of moder fSY
pollutants. Cars and trucks are considered on-road mobile sources, Tractors, lawn-move® i
ships, locomotives and airplanes are off.road mobile sources. The major pollutants produc®

these sources are hydrocarbons, SO,, NO_, CO, and smoke: |

contaminants include gas
is the region where weat

therutilh

W

-
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Gaseous
(COx; SOy;

(las .
 ollutants can be classifieq as: _
(S(ances that exist in the sapa foitny Plimary

: c
@ sions and which are releaseq d
: rge nu
ations. Ala %h mber of hazardousc emj MOSphere ¢ o
eproduced in the atrqosphere b iNterge: Cals are al50 relen. TOM the 5o urce
Jlt of chemical reactiong. Ozon Ction a
15

€en var;
Examples of secon@ary Pollutants. The distgincri-d CoOmpope
‘;ith their attenuation. Some ¢ —_— lonb

NOx; H,S5) :
: "
halogens) ASbestos. : 10actijye féglr]ma!&
\ anicSi c, I‘adon ‘rc : anICal
radig Y, elfeey, - OUSe
Onyg); » 0Zone
Os ;
N H s i
sification of Ajy Polly ;.

Qntg

Primary Pollutants

—t

Acid + Alkali

SO2 + H,0

NH3 + SO,

NO + (0)) N02 OXidation
NO + O; + HC* . 0

Phot i
1] 'iC = Hydrocarbons

Insport and Diffusion of Pollutants
The goal of air quality dj
fovawind of one o

air. Some meteorological factors that
| se include wind speed, air temperature, atmospheric stability, and turbulfence and
in-d 10p0graphy_ The plume models are empirical mathematical models aimed at obtaining a first
Umate of pl

ume concentrations of non-reacting atmospheric pollutants. Friction effects and
[ﬂfmica] reac

tions are neglected in the plume models. N i
¢heat transfer by simple diffusion is by conduction, but the process of dispersion is by conve
Wrbulence)

. Therefore the Fick’s laws of diffusion cannot adequately explain the dominant

(%
"]
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process in atmospheric dispersion, namer =t o A
heric air has @ major effect upon the rise and d;
llmsi’m Eﬂ‘ -, ?.'I‘;C
331 p “’-‘!'_!
wp.
|

turbulence in the atmosp
plumes.

Dispersion by turbulence is the process by which contaminants di
convection and a plume spreads over an area, thus reducing the cm,mm ﬂ'noug
The plume spreads vertically and horizontally. Dispersion of z cmmmltra{“’" of thy T %

i . turbulence and atmospheric and terrain md-ff'am in the ,, Tz, !

i f pollutants. Stronger the turbulence th:"“"ﬁ- Tu,-:,_..z-’fr,;;f
trations of the contaminants in Ao ﬁ::ﬁe the pox > %,
€ and ey

- f;‘,{-:

dispersed.
conccntrations ou

The most commonly i i
Is assume an ideal steady state of
CONSant mes,,

etry, uniform flat - : &
terrain. Such idey) %% f

pased on the Gaussian profic.
conditions over Jong distances, idealized plume geom
rarely occur. Mcz€ robust statistical ‘methods (e.g non-parametric statistical
e ied in addressing such multivariate G T e iy P
dispersion and dilution of stack gases, 2nd atmospheric pollutants under various I Predicry, o
terrain conditions. ) a‘“‘%{z{é
The concentration of a pollutant, C,, at a distance, X, from the source is
. : f}
i (4 -—-;2-' PN}
7Us 0, 26, 20;
where, Q= source strength;
& = standard deviations in x, ¥ and z direction;
U = average wind speed _
correlated to diffusion coefficients, which gives an estimate of the
. ; Spresd
ection), laterally and vertically. o

Concentration can be
of the pollutants horizontally (along wind dir
2 2
Q1 __exp (-E.) i
4z ) D, D.

e
4nr J(DyD,_)
in the lateral and vertical wid

where, 7 = (> + y2+2%); D, and D, are diffusion coefficients
on), the stability parameter, S, is given by

directions.
In the case of stable atmosphere (inversi
_hg(dl
S=7 ( o TJ
where W= (ﬂj
; dz adiabati
dT=-‘r;andS=0

1 adiabatic ambient (neutral) atmosphere, 7~

For stable atmosphere, % >t1;and $>0
L <t;and S < 0

PR

For unstable atmosphere, ~7

For a

|
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memmg the Behvioyrs of Polly

tants in the Atmosphere
é"5 Jtion modeling (Gapssian and oth

wher) procedures address the concentration dispcrsion‘of
ollutants. While dealing with reacting pollutants, principles of both thermod ynamics

:grmic reactions are more complete at higher te
F’OEﬂdO . tion of CO, 1S temperature-dependent and occy
» diSSg 1ce d at higher temperatures,
{ u

Y - CO + - :
ye? ?02 ‘ O 720, (endOtherImC, requires energy to proceed)
alence ratio, ¢, is

Mperatures. For example, in combustion
IS only above 2,000° C, but NO, pollutants

uiv
ed 4L (fuel / oxidizer)

(fuel / oxiclizer)midﬁ0

¢ > 1 fuel-rich (air-lean),

¢ <1 fuel-lean (air-rich),

fect of ¢, the fuel/air ratio is Very important ip combustion.
EO puilds up for ¢ > 1 (fuel-rich/ air-lean),
0 puilds up for ¢ < 1 (fuel-lean/ air-rich).
An air-rich mixture tends to produce mjn;
oduces more CO and less NO, Keeping ¢
4 NO (by reducm-g compression ratio in aut
:ﬁ d compression ratio result in reduced efficjen

perature down tends to reduce both CO

omobiles); but reduced combustion temperature
Cy of the engine,

any time and permits prediction of the levels likely to be present at some future tim
assessment of whether the chemical will be eli

humans, animals and plants may be exposed.

Kinetic methods are based on relationships quantitatively describing the dynamics of reaction
fysttms and permit determination of reaction mechanisms. This approach requires exact knowledge
of the dependence of concentration of reactants as a function of time and of the reaction
mechanisms, Reaction kinetics methods deal with these problems. Reaction kinetic formalisms
Qantitatively describe the dependence of the reaction rate on the concentrations of the components
of the reaction system. Reaction rates depend on the nature and concentration of the reactants,
“Mperature, pressure and the presence of catalysts.
The rate of reaction is proportional to the
Mprise the transition state. If the concen

e, and allows
minated before it is transported to a site at which

product of the concentrations of those substances that
Wi

trations of all but one reactant are held constant while
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ons of that 2====
lecules of that particular reactant v jin, oy W8 'l
re anO]Ve " Q[)nc % ,

blish how many mo
¢
lnthc nlrilu

the concentrati
der of reaction with respect to the react
Ctant j
N congjg,. - Yany,

changes will estab
state. This figure is called the Of '
In general, for reactants, 4 and B forming products Cand D, in molar g, ide i
relationship i given by O’Chiomc!rfaﬁon. b
4+B-oCHD “agiy,
. yw (Al ; d
The reaction ratc, Vs is defined as the change with time in the concentragj s
n by the relationship rations of the
C{)m

Itr",]

in reaction and is give
__d4_dB3l, dCl, dD]
v=-Tg T dr ¢ d
simple, irreversible reactions, the reaction rate is

But, for many
| v = K[4]° [BIP

where, o and p are reaction order with respect to substances 4 and B; K =
: . ; & =ra
Reactions are classified according to the order of reaction (7 = o + B :’COnstant

’ t e OVE
1|
reac%

order). :
ot order (n =0, o =0, p = 0): —%[I—A;]=K
'3
a4 = K ,[4]

1%t order (n = 1,a=1p=0): - -
2nd order (=2, =2(or 1), =0 (or 1): —ﬂf = KTAP or K[A][B]

31 order (1= 2, 00 = =1 44
rder (7 o =3 (or2),B =0 rl): dt] = K[AP or K[AP[B]

nt order (nn0, n # 1): -—%—A—] = K[A4]"
| t
where, [4], [B], [C] etc., are molar concentrations and K = rate constant

Rate constants vary duri . :
: ring the reaction and depend psre
For a simple 2" ord i | pend on the initial concentrations
_ er reaction, the relationship betw " ations of the
| ’ p between activity coefficients is gi reactants
cients is given b |
y

d.
x:K[A][B]=KO Y43 [A][B]

Y (4B)*
where, v4, vB, y(AB)" ar ivi
» YA, YD, e the activity coeffici
i i ty ents of substance i M
pectively, K° = rate constant of the reaction at infinite dihsxéoandBand TP
n, 11

Wher — i
e (Yo = ¥s = Yapw = 1), Therefore,
K =K?" Ya¥p
Y AB)
The rate of chemi e
emical reaction i
temperature of th : n 1s temperature depend :
, e reaction mi pendent. It can be incr : ,
given by the Arrhenius equati " The dependence of the rate ¢ S¥ ko e
ion, which is related to entropy and Cgllsﬁantfon the temperaturt®
enthalpy factors.

K:FBXP(—-}‘?*]
T
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AS
K=—= 4 el ¢
_ frequency factor, F* = activatiop, e _
onstant, 1 = P| y K=
*"hereioltzmann . ’ e constant, g and A[g;s Onstant, 7~ bsolute te
z = m
b~ svely- 10py and ¢ peraty
ot Nthalpy of activatip
order Reactions
(e .
er processes, the rate is j
IﬂZeIO-Oafgonli)S plotted against time t}flzf indem S t.he cOncentratiop, of th
concﬁﬂtrr['hat is, a constant amouht isjlost Oncentratiop decreases ata co te s When i
esS- Py - : Perunit : nstant rate in zere.
Pfﬁitics or linear biodegradation of 0rganic mgllzuntﬂ the entire ; ero-order

mineralization of phenols, pesticides), Cules has pee

(si-order Reactions

[q the 1st-order reactions (unimolecular_ reactions)
oncentration of only one of the reactays ’

. the rate of reaction is proportional to the
ad + bB - Products,

d[A
—5—1=KA[A]; g4

where —

[4] = [4glexp(-K ,9)
A plot of log[4] against time ¢, is a straj

DA ght line and the slope
concentration falls quickly initially and them more s]
percentage of the chemical disappears per unit time

where, 4, = 1nitial concentration;

K4 = rate constant (not equilibrium constant).

gives the value of X 4 The

owly in Ist-order processes. That is, a constant
in 1*-order reactions,

1*-order kinetics is sometimes termed half-life kinetics because half of the chemical is degraded
intime t. For 1st-order reactions, the rate constant and half-life, 41/, are inversely related.

0.693

=

A substrate whose destruction follows 1st-order kinetics persists long after the first halflife is
Over (e.g. metabolism of glucose by bacteria; radioactive decay). |

2nd-order Reactions

In 2nd-orderreactions the tite of reaction is proportional to the 2nd power of concentration.
aA + bB — Products,

Where, AUl _ g (5

2nd-order kinetic reactions are relevant in dealing with the reaction kinetics in catalytic and
ombustion reactions. Conce

TNael _

A el smssalaanhilac

rted bimolecular el;mination reactions are characterized by 2nd-order
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Catalytic reactions are often systems of two SUCCCSSIVE reactions. In the first sl»;(‘{ {
reacts with one of the reactants with formation of an intermediate compley  "'¢p the y <
hlyq

K,
C+SeM
Ky

M+R—LPsC
where, C = catalyst,
S = substrate,
M = intermediate complex,
R = reactant,

(,, K, and K, = rate constants

For combustion reactions, the reaction sequence is
Reactants — Combustion — Intermediary product (M) —» Product
Reaction kinetic processes can be addressed in three steps:
1. Initiation step. Production of species as radicals gives rise to further .
2. Propagation step. Chain reactions resulting in intermediary pProductg
3. Termination step. Removal of radicals and production of fipa] prodl'lct
Formation of H,O can be considered as an example: 2H, + O, — 2. >
M+ H, — 2H + M (initiation step) :
where M is energy absorber, but chemically not affected.
H+0,< O0OH+O0"
O"+H,< OH+H (chain-reaction step)
OH+H, < H,O+H
where, H is both a reactant and a product, leading to a chain reaction.
OH + H + M < H,0 + M (termination step).

In the termination step, radicals, OH and H are removed. \

S (P)

eaCtiOn_

Under such conditions, where the intermediate product is a component of the

di ey react
the reaction kinetics is caction gy

K,
Ao M +C
K17
M + B—%2 5 Products
Molar concentration [M] and reaction rate are given by

o net Kjld]
Rl & aryar
KK, 4][B]
K_|[C]+ K,[B]

Case 1: If K, [C] >> K, [B]
KK, 4][B]
K_[C]

Rate =

Rate =

g
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ot Rate=K|4]

Jer Reactions
r

A ion i
W’ . therate of reaction is prop ¢

ord odu Portional to the 3,4
3d an react to produce the orj in Power of co -
iﬂrfﬂcnﬂﬂ Y K, &inal reactants, ricentration; and products of
A+B&SC+D
K,
dlA]

TTdr Ki[4]{B] - K—l[C][D]

, KI[A][B] = K—I[C][D] |
. The equilibrium constant K{(7) is

_Cp_ k
0= Cam ==~

where, B is the product of the 1st reacti '
2 eaction and i .
rrebinniic, fe e 1S a reactant in the 2nd reaction and the overall

A
dEft] = A[A]
B
B - k141~ K1

&
%l = Kg[B]

d4+B+c)
dt TN [4 + B + C] = constant
[B] = a, - exp(-K ) (general)
= a, - exp(—K 1) (particular)
[B] = a, - exp(-Kgd) + a, - exp(-K )

AS v
“uming at ¢ = 0, both [B] = [C] = 0, concentsation of the end product [

T the total concentration [d]. 1, can be determined
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[C] = [Ap]{l — exp(—K 41)} — (_]Z'm (€Xp(-K 1) - eXp(~ %
nt)}

([Ag)] =4+ B+ ()
For rate-limiting steps,
[C] = [A]{] —exp(-=K,f) for K, >> K,
= [Ag]{l —exp(-Ky) for K, >> K,
These kinetic reaction (successive reaction) mechanisms are applicable to
rates involving molecules, ions or radicals and the rates of reactions are deter (.kztcrminc :
decomposition of the intermediates (e.g. redox reactions, enzyme-calalyzedmlned by lhcea“i’m
reactions). Applying the reaction kinetics to kinetically limited reactions (e.g. co a;;d Othe Cfates,,',
if a reaction is stopped before completion, all the reactant species will be e Mbustiyy, Pr O‘Zlalm:
some of them are pollutants. “ent(4, p ang cs"’-n.
Understanding of combustion-generated air pollution requires ap qaﬂd
(7) stoichiometric combustion processes, (i7) the approach towards an equiliblfnderstandin
and (7i7) the effect of kinetic limitation on the final concentrations. flum Collcentreﬁ'Of
i

NO, starts at the combustion burner.

4
K(T) = —NO
o J[Co,:Cn,]

where, C = concentration _

Substantial amounts of NO occur only at high temperatures. So minimization of
temperature and excess of air (O,) should be maintained for minimizing ajr Peakgombnst.
Residence time of N, in the high-temperature zone i$ another important controlfgnutlorl (NO)
principal factors affecting NO, emission are thermodynamic and kinetic effects }l),;rameter. The
temperature, the amount of excess air available and the length of time that the (;0 }f Peak-flame
are at the peak-flume temperature are the controlling parameters for NO pl”OduCtioE} chlnor{ s
Control strategy is—(1) minimization of residence time at peak tempe;ature 2) re;n tﬁflmssm
peak temperature, (3) minimization of available O, for reaction with N,; | N
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