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Substance % By Volume in Dry Air

N, 78.09%

& N 20.94%

Ar 0.93%

26 0.03%

Ne 0.0018%

He 0.00052%

CH, 0.00022%

Kr 0.00010%

N,O 0.00010%

H 0.00005 %

Xe 0.00008%

Note: 1 ppm by volume = 0.0001% by volume.
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Concentration (ppb)

Approximate
Parameter Clean air Polluted air residence time
Particulates >100 g/m’
CO 120 1 000-10 000 65 days
CO- 3200007 400000 15 years
SO, 0.2-10 20-200 40 days
NO 0.01-0.6 50-750 | day
NO- 0.1-1 50-250 | day
HNO, 0.001 1-8
HNO; 0.02-0.3 3-30 | day
0, 20-80 100-300 £
NH; 1-6 10-25 20 days
CH, 1500 2300 8—10 years
N-O 300 10-150 vears
H,S 0.2
Pb S 1077 ug/m’ 0.5-3 ,ug/'m:‘

}Lﬁ}ﬂ\uw\wW\M\&aJﬂJ\ﬁchéﬁj\ ”“LQ}L“&‘:‘SUJ-‘)SMMJLfU

.ubﬂ‘ CL-'-“ S S u,-“: 9\)@\ 2\7‘9}‘ el‘“ U“.-.‘S



) sl & o5 A 3a il

o) sed) il sla i) Eilad¥) jalias -]
Al Y Gllee ALl J gatll ¢ LESY) (JEiY) Lead sy Al (g gall CaDlall 48da D
i) -3

) pSal)
c._\:._.al!
[ L

__)..‘I_L.:I.a J..‘l_u:u. e N

) A P & 5=
ey
. o) gy
N L]‘,_,_a': " i A
- e . 2 gal)




ALl g 58 (88 (e (VAL (el (e e Lalaiall g 53
PAENR 10 -100 m Up t0o100 m 101-10° hr Jac /Alile
(e 100m -10 km Up to 3km 101 -10 hr Aly/Aasaly
(S 10-102 km Up to 3km 100 -102 hr aly/dsal;
sl 102 -103 km Up to 15 km 10-103 hr Aby/AY s
s B 103 -10% km Up to 30 km 10%-10% hr alle/aby
o ¥ 5 Sl Caas 104 - 2x10% km Up to 50 km 102-10° hr alle
sl 4x10% km Up to 50 km 103 -10° hr alle
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Time of o ccocurrance
and location

Causes

Effects

Meuse WValley (Belgiumm)
Dec. 1930 (3 days)

Themal inversion of gases
(SO,.. sulphur trioxide
aerosol and fluorides)
from industrial plants

60 persons died, thousands
were effected.

Donora (USA), Ocl 1948
(4 days)

Anti cycdlonic weather (no air
movement) temperature
inversion and fog S0, with
oxidation producis and
particulate matter were the

main culprits

20 persons died, about 7000 ill
Complete darkness was observed
due to gases and soot

London from Dec. S to
Decaembeaer 9, 1952,

Extensive use of coal (sulfur
content 1.59). Concentrated

smoke had thermal inversion.

The smoke mixed wilh Tog
became dangerous smog.

4000 deed, thousands ill.

London, January 1956 Similar as above 1000 died
London, Dec. 1962 Shallow inversion, fog gases T00 died
MNewyork, Mowv. 1966 Smoke, SO, particulates 168 died

Tokyo, June 18, 1970

Smog poisoning

6000 affected

Bhopal India Dec. 1984

In Union Carbide industry
toxic gas methyle isocynate
leaked accidentally

About 2500 died and owver 100000
were severely affected. Some siill
have the eyes and oiher problems.
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EC Direcuves—decisions and resolutions

United States reguiatory items

70/220/EEC on air poilution from perwrol vehicles

T2/306/EEC on air pollution from diesel vehicles

75/716/EEC on sulphur content of certain liquid fuels

76/611/EEC and 85/210/EEC on lead in petrol

Resolution—30 May 1978—on fluorocarbons in the
environment

Resolution—1i5 July 1980—on transboundary pollution by
SO; and PM|n

80/779/EEC on ambient guality and guidelines on SO; and
PM o

Decision—20/372/EEC and 82/795/EEC on
chlorofiuorocarbon 1n air

Decision—31/462/EEC on long- mnge ransboundary air
pollution

Decision—S82/459/EEC on rccxprocuy of data on air
pollution berween Member States

82/884/EEC on lead in air

834/360/EEC on air poltutuon from industnal plants

85/203/EEC on air quality standards for NOa

Regulation—3528/86 on {orest protection against air
pollution

[88/77/EEC on gaseous emissions from diesel vehicles

88/609/EEC on air emissions from large combustion plants

89/369/EEC on air poilution from new municipal waste
incinerators

89/429/EEC on air pollunon from exisung municipal
waste incinerators

Proposal—19 March 1992—on incineration of hazardous

waste

1955—Air Pollunon Act

1963—Clean Air Act

1965—Motor Vehicle Air Poliution Control Act
1967—Air Quality Act

1970 —Clean Air Act Amendmenis

1974~ —Energy Supply and Environmental
Coordination Act
1977—- Clean Air Act Amendments

USEPA regulations on implementation of the Clean
Air Act inciude:
40 CFR Part 50—Nauonal Primary and
Secondary Ambient Air Quality Standards
40 CFR Part 33—Ambient Air Monitonng
Methods
40 CFR Part 60—New Source Performance
Standards
40 CFR Part 61 —Narional Emission Standards
for Hazardous Air Pollutants

1990—Clear Air Act Amendments
Air Toxics—National Emissions
Standards for Hazardous Air Pollutants
1990—CClean Air Act Amendments

1992—Clean Air Act Amendments
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«CE <USA & AAQS

L 4

WHO Air
USA Federal quaiiry TA Luft,
USEPA California EC Directives gutdelines Germany
Poilutant Averge ume (peg/m™) (ug/m’) (ug/me) (ug/m’) (ug;m’)
CO (carbon monoxide) ISmin 100 000
30 min &0 N00
1h 40000 22000 30000 30 000
Sh 10000 10000 1O 000 10 000
NO> (nirogen dioxide) 1 h <70 200 =00 200
I2h 130 S0
Annual 100
O (ozone) 1h 235 180 200
Sh
24 h as
3 100 day a0
SO, (sulphur dioxide) 10 min 300
th 6535 230
2h 1300 = <00
24 h 365 105 250-350 125 120
Annual 30 S20—-iZ20 <0—a0 60
Paruculares (PM-10) 24 h 150 30 230 125 120-300
Annual 50 30 30 s
SO-: + PM-10 24 h I100-—-150
Annual <4060 a0—20
Pb (lead) I month 1.5
3 mon:h 1.3
Annual ) - 0.5-1 2
Total suspended 24h 260
particuiates (TSP) Annual 75
3h 160 (non-CH.)

HC
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Pollutant

Description and source

FHealth etfects

WHO ambient
guideiines

Acrylonimie (AN)
Benzene (CoHg)

Cartron disulphide
(CS3)

. 2-Dichlorethane
(CoHLC  2)

Dichloromethane
(CH2C,3)

Formaldehyde
(FHICHO)

PAH

Sorene (C,HL.CH)
Teomachloroethyicne

(CaC
Toluene

Trichlorosthylene
(CaHC,3)

Vinyl chloride (V)

Volarile. flammable. colourlass ligquid. soluble in warer.
Man-made, used in acrylic fibre and resins
Colourless clear liguid, slightly soiuble in warter.
Component of perrol and petroleun: products
Colourless, volaule., inflammable liguid. Used in
viscose ravon producnion, abaout 20 ; €S, o | kg
viscose
Flarmmable colourless liguid, soluble in water, NMuan-
made, used in svnthesis of other che micais
Non-fiammable. clear liquid. haghly volatle., Paint
remover, solvent, polyurethane foam blowing agent
Common aldechvde at room temperature 1S a gas,
Intermediary in CH, cycle. Insulaung matenal
Polyvnuclear aromanc hydrocarbons group of syntheric
chemicals from incomplete combusnon of organic
materals
Volartile. colourless liaguid used in manufacture of
polvmers, reinrorced plasncs and polvstvrene
Non-flammable compound, insofuble in H-O. Solvent
in dry cleaning and metal cleaning, elc.
Non-corrosive volartle liquid., Sourced at petroleum
refinery and styrence production, ctc. In paint
thinners, inks and adhesives, some cosmertics
Man-made from cthane or dichloroethane. Degreasing
fabncated metals, dry cleaning, printing, paint
production, adhesives, carpet cleaners, ctc.
Colourless gas from VC producrtion, PVC faciliues,
landfills

Carcinogzen
Carcinogen

Brain damage, muscles
atrophy

NMutagen, liver, lung,
kKidney damage
Carcimogen (amumals)

Carcimnogen (ammals)

Carcinogen

/]

uspecied mutagen

Toxic 1o CNS and
liver
Toxic to CONS

Neuraobehavioural,
liver and kidney
effects

Carcinogen

No safe lavel
No =safe level

100 umsm’, 24 h

700 ug/m . 24 h
3000 ug/m>. 24 h
100 pgg'm?®, 30 min

No safe level

70 ug/m;. 30 min
= n1g/m". 24 h

7.5mg/m’. 23 h

1l mg/m”. 24 h

No safe level

Data in part from WHO,

1987 with permission



Pollutant

Description and source

Health erffects

WHO ambient
guidelines

Arsenic (As)

Asbestos

Cadmium (Cd)

Chromium (Cr)

Hydrogen
sulphide
(H:S)

Manganese
(Min)

Mercury (Hg)

Nickel (N1)

Radon (Rn)

Vanadium (Va)

Ubiquitous in nature—metallic and non-metallic volcanic
acuvirty. smelting of metals. fuel combustnon pesticides

Group of naturally occurring fibrous serpentine or
amphibole minerals. Used in building industry, heat
insulation. Fibres <= 3 um inhalable

Sort silver white metal, by product of zinc production.
NMetal electroplating, plastics. erc.

Greyv hard metal. Cr 7, Cr®". Ubiquitous in nature and
soils. Used in tanning industry

Colourless gas. soluble 1n water and alcohoel. Formed from
organic matter in absence of O~. In viscous industry,
wastewater treatment, oil refining, tanning, pulp
industry.

Earth crust’s fifth most abundant mewal. Used in
metallurgy processes, alloy consutuent, tertilizer,
leather, texrtle, glass industry

Metallic, mercurous or mercuric (—3) states. [norganic
mercury — methyvl mercury by microbes. Mining,
chloralkaii plants, paint preservative, batteries. medical
equipment, etc.

Siiver-white hard metal found in earth's crust. Used in
steel production, electropiating, coinage. ctc.

Radioactuive noble gas in several isotropic forms.
Background level is about 3 Bq/m>. Uranium mining,
from soils and rocks, in groundwater and air

Ubiquitous bright white metal. Used in metallurgy, coal
combustuon, fuel combustuon

Carcinogen

Carcinogen

Animal carcinogen

Cr®" carcinogen

Intoxicant—eve
irmitant

Toxic at high levels to
CNS and lungs

Bioaccumulative—
CNS damage,
kidneys

Carcinogen

Risk of lung cancer

Bronchitis,
pneumonitis, upper

respiratory tract
effects

No sare level

No safe level

< 20 m:v/m?
No sarfe level

150 ug/:n. 24 h

1 ug/m”>, annual
average

1 ,ug/rns. indoor
annual average
No sare level

100 Bq/m? in
buildings

1 _ug/m", 24 h

Data in part from WHO, 1987 with permission
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2001 Bl gk oo 1) NAAQS /Y

Primary Secondary
Level Averaging Time Level Averaging Time
Ozone 0.12 ppm I h Ozone 0.12 ppm
PM-10 150 pg/m? 24 h PM-10 150 pg/m?
50 ng/m? 1 yr. 50 pg/m?

CcO 35 ppm I h cO 35 ppm

9 ppm S h 9 ppm
SO, 0.14 ppm 24 h SO, 0. 14 ppm

0.030 ppm 1 yr. 0.030 ppm
NO, 0.053 ppm I yr NO, 0.053 ppm
L.ead 1.5 ng/m? 3 mo. ILead 1.5 pg/m?

Proposed New Standards
Ozone 0.08 ppm S h
PM-2.5 65 ng/m? 24 h
15 pg/m? 1 yr.
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Pollutant Pritmary / Averaging L I
[fimal rule cite| Secondary Time
Carbon Monoxide i 8-hour 9 ppm
primanry
[Z6 FR 54294, Aug 31, 2011} 1 _hour 35 ppm
. Roling =
lLead primary and =
[73 FR 66964, Nov 12, 2008] |secondary month 0.15 pg/m= 11
average
Mitrogen Dioxide primary 1-hour 100 ppb
[75 FR 6474, Feb 9, 2010] Firma and
[61 FR 52852, Oct 8, 1996] EEEO,_,S‘;,T Annual 53 ppb =1
Dzone primary and
[73 FR 16436, Mar 27, 2008] |secondary &-hour 0.075 ppm &1
PM primanry and Annual 15 pg/m=
EE_IjZiE_IE_E;‘_"LIIi_D_D_ 2'5 -SEEnnda
[71 FR 61144, i 24 -hour 35 pg/m>
Oct 17, 2006] Fima and
PMio zecun:giw 24 -hour 150 ugfma
Sulfur Dioxide primanry 1-hour 75 ppb 31
[Z5 FR 35520, Jun 22, 2010]
[Z8 FR 25678, Sept 14, 1973]
secondary I-hour 0.5 ppim
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Particulate
Efficiency kg/Mg Ib/ton
Control Device (96) of Product of Product

Uncontrolled NA

(SCC 3-01-009-01) 45 90
Cyclone 85 7 14
Cyclone with:

Spray chamber 92 3.5 7

Packed scrubber 95 2.5 5

Venturi scrubber 97 1.5 3

Wet scrubber 99 0.544 1.09

Wet scrubber/ESP 99.9 0.023 0.046

Packed bed/ESP 99° 0.47 0.94
Fabric filter 99 0.54 1.1
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Chemical Substance kM bty
Carbon disualfide 20y 50
Carbonyl sualfide 10 20
Mlethane = 50
(10 - &) (20 - 1200
Pormrmmethame WO
Mooetyviene 4 5 oD
{5 - 1320) (10 - 2600
Erthano o= o<
Ethylene 1.6 3.2
Propylene 0" 0"
Propanc 023 .46
Isoburane 0. 10 0.20
n-Butane 027 D.54
n-Pentanc L L
PO .02 A alh
Trace Eltl'lt]t_‘.ljl.bd --l} 2.1 =D.50
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Selfur Oxides Casban Hydro- Nitrogen Oxides EACTOR
Process Particalxo {as S0 NMonoxide carbons® {as N()_,) Aldelydos Arnmnonin RATINCG
Hollers and process heaters
Fuel ol See Section 1.3 - "Fuel Gl Cormmbustion™
Natural geos See Section L4 - "Natural Gas Conbust son™
Flukd carafviee cracking units
FCoo)y
Unconolled
kg'IOJ L. frosh Towd D.Gas 1412 anz 06320 0201 0054 o155 B
©.267 2 0.976) (02806 10 1 .50%) 10,107 10 0.416)
=103 tbl fresh feed 242 1953 L3700 220 710 1e 51 B
{93 o 330) (100 to 525) (A7.1 1o 145 .01
Electrostatic precipititos
and CO boller
kg 10% L. frest) feed n.128% 1.413 Negz Neg 0.201" Neg Neg B
0.020 ta 0.42R) 10 286 10 1 505) (D107 1o 0.416)
2/10" bbl fresh feed 43 193 Neg Neg 71.0° Neg Neg B
(T 1o 150) (100 10 525) (37.1 10 145.0)
Moving-bed catalytic
cracking units’
kg/10% L fresh feed D.0aY 0171 108 0.250 o014 003 o7 2]
2107 bl fresh feed 17 &0 3,800 B3 5 12 o £2
Fluid coking undis®
Ulnconwo! led
kg 10% L fresh feed L.50 ND ND ND ND ND ND C
m/10% bbi fresh feed 523 ND ND ND ND ND ND C
Flecinostatic perecsritanos
and CO boller
k107 L. fresh foed D.0196 ND Neg Neg ND Neg Neg X
B1710% b1 frest feed 5.85 ND Neg Neg ND Neg Neg e
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Mixing height. m
Range Average
summer morning 200 - 1100 450
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URBAN HEAT ISLAND

Little vegetation or evaporation causes cities
to remain warmer than the surrounding countryside
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UPWIND VELOCITY PROFILE
U= uiz z; RECIRCULATION CAVITY BOUNDARY
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Terrain Downwash
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Day Night
Wind speed, 10 m  Incoming solar radiation Cloud Cover
(m/sec) Strong Moderate  Slight  Mostly Overcast  Mostly Clear
<2 - A-B B E F
2-3 A-B B C D E
3-5 B B-C C D D
>6 C D D D D

From Turner, D, B 1969. workbook or Atmospheric Dispersion ) JysSaly Cids Glalaa
.(Estimates. EPA Publication No. AP-26
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VERTICAL PLUME
VOLUME FLUX: V= wR?2

INITIAL BUOYANCY FLUX
Fo = 7= (Too = Teo) WoR3
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ENVIRONMENTAL STABILITY: s =& (53 + 0.01 °c/m)
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VOLUME FLUX: V= uR?2
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for X < 10H,

1.6 FY/3 (10H)?/?
U

AH =

for X > 10H,
:(E-F) 3_siuall Cagyhall Jal (e -

AH = 2.4(— )h’a
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Sl aladinl (50 940 321 596725 (A sim Ara) Jread Jalag Ll lrae 915 deUaiul;y 4l dlass
&Mft—*‘k Jsh iy 48/ salrae 30 4)) s 4ad 591 Cull (8 Cu Sl (5 giae 28l jaads
SO02 J edae ¥V 38 5l aas allay (D Aadll) sl 3aildl Ja g 2l Sl 1Y), jia 7 ks yia 200 Hs
U,;=4 m/s, T.= 150 °C, Ta= 20 °C, V.= .adasall (e oS 100 ¢10 ¢ e &l 5 ¥ (5 e m/c
.15 m/s

:Jadl

C(x, 0.0, ) — = e [_1‘,.-'"'21_1:]

TELLCT,, L

S915MW=215MNl/s =3294*%102 MJI/hr
Efficiency = (Power output)/(Power input) *100
3294 = 103 {%) + D.725
— g L AT * 100 = 40
C}illrequirecl= 199*%10= kg/hr =199 ton/hr

o7y

199 — 1.99 IoFrer
100 PEE el
S + {:le _ = SDE
22 oy !

1.99%2=3.9 ton/hr SO,
Q(emission rate) of SO_=1.1(kg/s)=1.1*10° (jug/s)



Estimation of AH

using Briggs equation for neutral conditions, then:

L s e
OH for X < 10H; For X=1000m

L

1.6 F'.I.."rE- (IGHS}E.-"E

L

AH = for X > 10H, Forx=10000m and 100000m

Ts — Ta
E—glars
Ts

T 9.3(15}(3.5}2(

423 — 293
423

)= 553 (/)

0.4 170.6
Xfp—216F Hg

Xr_ 2.1¢ (553)°4 (200)°% = 648 m



1.6 (533)3 (648)°
R G — o N

. fe (533)/3 (2000)73

LL

= 320m For X = 10000m

Using the below equation to estimate the concentration:

HE
C(x,00,H) = L exp [_1;’2 ,,]
?I‘t.-l!‘.ﬂ'}, L4 ﬂ'I"'
r:;r},=?5m + g = 33 m
il
= s s - . i 4
Estimate u at effective stack height using power low ST ( F—'m)

a = 0.16 for rural terrain

u = 4(%}“‘15 = 7m/s

1.1 = 107 (200 + 150)°

€(1000,0,0,H) = (7 (75) (33) P T (33)°

=97 * 10 pg/m?

# Calculate the concentration at x=10000 and 100000m
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BREEZE Software » BREEZE software products are used by environmental professionals
worldwide to analyze the effects of air pollutant emissions and explosions.
BREEZE is easy to learn and use because it adheres to Microsoft®

Air Dispersion standards for intuitive, uniform graphical user interfaces, and features
standardized toolbars, views, menus, commands, and dialog boxes.

How to Choose

Hazardous Release
Explosion BREEZE software falls into the following categories:
High Performance e Air Dispersion - air quality modeling applications developed to primarily
address centinuously released emissions from a wide variety of sources.
Custom Applications o Risk Assessment - human health and ecological sk assessment modeling
) suite developed to perform multi-media fate and transport and exposure
Mobile Solutions modeifing for estimating potential adverse impacts to human heatth and

ecological receptors.

e Hazardous Release - modeling applications that address the accidental or
unintended release of chemicals into the atmosphere. Many of these
models are used in emergency respense planning / response.

o Explesion - sophisticated high explosive and vapor cloud explosive and damage assessment models used to evaluate the vulnerabiities of
virtually any type of structure. These models are often used to mitigate the effects of a terronst attack.

« High Performance - models and services utilizing parallel processing and cluster modeling techniques to significantly enhance runtime
performance.

¢ Mobile Solutions - turn handheld devices into powerful, economical tools for EH&S and maintenance data gathering and reporting.

Most BREEZE products include an integrated Geographic Information System (GIS). This intuitive data analysis and visualization interface tool
enables modeled objects and results to interact and be displayed with a variety of geophysical data. AutoCAD® .dxf files and images in standard file
formats (e.g., .bmp, .gif, tif) can be imported into BREEZE software and used as base maps for easy visualization of affected areas.

Many BREEZE applications are based on U.S. government models, such as the U.S. Envirenmental Protection Agency's AERMOD and CALPUFF
models. BREEZE makes these models easy to use. But we don't just stop at putting @ wrapper around a Fortran executable. We often enhance the
appiications with features and functionality requested by our users.

Air Dispersion Hazardous Release Explosion High Performance Mobile Solutions
SCREEN3 Incident Analyst HEXDAN® AERMOD Parallel VEMS Tool

AERSCREEN LFG Fire / Risk VEXDAM AERKOD Remote Modeling QuickList Tool

AERMOD VASCIP More Mobile Tools
AERMOD Parallel

AERMET Pro

www.breeze-software.com/software

-

| 2| Custom Environme...htm ¥ Show all downloads.. %

= ||

o)
@
&
(5!
i




A



