Effects of Air Pollution

· Effects on Human Health
The American Thoracic Society defines an adverse health effect of air pollution as including, but not being limited to, increased mortality as well as cancer, asthma, lower respiratory tract infections, upper respiratory tract infections, and eye, nose, and throat irritation that interfere with normal activity.

Key potential health endpoints include, but are not limited to, the following: 

-
mortality

· hospital admissions for cardiovascular or respiratory causes

· respiratory illness and symptoms (outpatient medical visits, asthma, wheeze, cough, phlegm, increased use of medication)

· physiologic changes (altered pulmonary or cardiovascular function)

· nonrespiratory indicators (eg. Blood, neurologic indicators), and

· biomarkers of exposure and health effects.

· Effects on Vegetation and Animals 

· Crops and Ornamental Plants

· Forests

· Domestic Animals

· Effects on Materials and Structures 

· Metals

· Building Materials

· Fabrics, Leather, and Paper

· Rubber
· Effects on the Atmosphere 

· Visibility

· Radiative Effects

· Fog Formation and Precipitation

· Stratospheric Ozone Depletion
· Climate 

The Respiratory System

· Head airways region (extrathoracic or nasopharyngeal region): nose, mouth, pharynx, and larynx

· Lung airways region (tracheobronchial region): from trachea to the terminal bronchioles.

· Pulmonary region (alveolar region): beyond the terminal bronchioles where gas exchange takes places 
Statistics:

· Adult breathing rate: 10 - 25 m3
· Surface area for gas exchange: 75 m2
· Length of capillaries: 2000 km

· Adult breathing rate: 
12 times/minute (at rest)

36 times/minute (heavy work)

· Particle residence time in the lung: varies depending on the physicochemical properties, locations in the lung, and the type of clearance mechanism involved.

Known Human Carcinogens  (defined by International Agency for Research on Cancer (IARC) )
"Carcinogenic to Humans" (Group 1) 

Agents and Groups of Agents 

· Aflatoxins (naturally occurring mixtures of) 

· 4-Aminobiphenyl 

· Arsenic and arsenic compounds 
(Note: This evaluation applies to the group of compounds as a whole and not necessarily to all individual compounds within the group) 

· Asbestos 

· Azathioprine 

· Benzene 

· Benzidine 

· Beryllium and beryllium compounds 

· N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine) 

· Bis(chloromethyl)ether and chloromethyl methyl ether (technical-grade) 

· 1,4-Butanediol dimethanesulfonate (Busulphan; Myleran) 

· Cadmium and cadmium compounds 

· Chlorambucil 

· 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (Methyl-CCNU; Semustine) 

· Chromium [VI] compounds 

· Cyclophosphamide 

· Cyclosporin (ciclosporin) 

· Diethylstilbestrol (DES) 

· Epstein-Barr virus 

· Erionite 

· Estrogen therapy, postmenopausal 

· Estrogens, nonsteroidal 
(Note: This evaluation applies to the group of compounds as a whole and not necessarily to all individual compounds within the group) 

· Estrogens, steroidal 
(Note: This evaluation applies to the group of compounds as a whole and not necessarily to all individual compounds within the group) 

· Ethylene oxide 

· Etoposide in combination with cisplatin and bleomycin 

· Formaldehyde 

· Gallium arsenide 

· Gamma radiation 

· Helicobacter pylori (infection with) 

· Hepatitis B virus (chronic infection with) 

· Hepatitis C virus (chronic infection with) 

· Herbal remedies containing plant species of the genus Aristolochia 

· Human immunodeficiency virus type 1 (infection with) 

· Human papillomavirus type 16 

· Human papillomavirus type 18 

· Human T-cell lymphotropic virus type I 

· Melphalan 

· 8-Methoxypsoralen (Methoxsalen) plus ultraviolet A radiation 

· MOPP and other combined chemotherapy including alkylating agents 

· Mustard gas (Sulfur mustard) 

· 2-Naphthylamine 

· Neutrons 

· Nickel compounds 

· Opisthorchis viverrini (infection with) 

· Oral contraceptives, combined 
(Note: There is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endometrium) 

· Oral contraceptives, sequential 

· Phosphorus-32, as phosphate 

· Plutonium-239 and its decay products (may contain plutonium-240 and other isotopes), as aerosols 

· Radioiodines, short-lived isotopes, including iodine-131, from atomic reactor accidents and nuclear weapons detonation (exposure during childhood) 

· Radionuclides, alpha-particle-emitting, internally deposited 
(Note: Specific radionuclides for which there is sufficient evidence for carcinogenicity to humans are also listed individually as Group 1 agents) 

· Radionuclides, beta-particle-emitting, internally deposited 
(Note: Specific radionuclides for which there is sufficient evidence for carcinogenicity to humans are also listed individually as Group 1 agents) 

· Radium-224 and its decay products 

· Radium-226 and its decay products 

· Radium-228 and its decay products 

· Radon-222 and its decay products 

· Schistosoma haematobium (infection with) 

· Silica, crystalline (inhaled in the form of quartz or cristobalite from occupational sources) 

· Solar radiation 

· Talc containing asbestiform fibers 

· Tamoxifen 
(Note: There is also conclusive evidence that this agent (tamoxifen) reduces the risk of contralateral breast cancer) 

· 2,3,7,8-Tetrachlorodibenzo-para-dioxin 

· Thiotepa 

· Thorium-232 and its decay products, administered intravenously as a colloidal dispersion of thorium-232 dioxide 

· Treosulfan 

· Vinyl chloride 

· X- and Gamma radiation 

Mixtures 

· Alcoholic beverages 

· Analgesic mixtures containing phenacetin 

· Areca nut 

· Betel quid with tobacco 

· Betel quid without tobacco 

· Coal-tar pitches 

· Coal-tars 

· Mineral oils, untreated and mildly treated 

· Salted fish (Chinese-style) 

· Shale-oils 

· Soots 

· Tobacco products, smokeless 

· Wood dust 

Exposure Circumstances 

· Aluminum production 

· Arsenic in drinking water 

· Auramine, manufacture of 

· Boot and shoe manufacture and repair 

· Coal gasification 

· Coke production 

· Furniture and cabinet making 

· Hematite mining (underground) with exposure to radon 

· Involuntary smoking 

· Iron and steel founding 

· Isopropanol manufacture (strong-acid process) 

· Magenta, manufacture of 

· Painter (occupational exposure as a) 

· Rubber industry 

· Strong inorganic acid mists containing sulfuric acid (occupational exposure to) 

· Tobacco smoking 

Also defined by National Toxicology Program (NTP) 11th Report on Carcinogens as 
"Known to Be Human Carcinogens" 
· Aflatoxins 

· Alcoholic Beverage Consumption 

· 4-Aminobiphenyl 

· Analgesic Mixtures Containing Phenacetin 

· Arsenic Compounds, Inorganic 

· Asbestos 

· Azathioprine 

· Benzene 

· Benzidine 

· Beryllium and Beryllium Compounds 

· 1,3-Butadiene 

· 1,4-Butanediol Dimethylsulfonate (busulfan, Myleran ? 

· Cadmium and Cadmium Compounds 

· Chlorambucil 

· 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (MeCCNU) 

· bis(Chloromethyl) Ether and Technical-Grade Chloromethyl Methyl Ether 

· Chromium Hexavalent Compounds 

· Coal Tar Pitches 

· Coal Tars 

· Coke Oven Emissions 

· Cyclophosphamide 

· Cyclosporin A (Ciclosporin) 

· Diethylstilbestrol (DES) 

· Dyes Metabolized to Benzidine 

· Environmental Tobacco Smoke 

· Erionite 

· Estrogens, Steroidal 

· Ethylene Oxide 

· Hepatitis B Virus 

· Hepatitis C Virus 

· Human Papilloma Viruses: Some Genital-Mucosal Types 

· Melphalan 

· Methoxsalen with Ultraviolet A Therapy (PUVA) 

· Mineral Oils (Untreated and Mildly Treated) 

· Mustard Gas 

· 2-Naphthylamine 

· Neutrons 

· Nickel Compounds 

· Radon 

· Silica, Crystalline (Respirable Size) 

· Smokeless Tobacco 

· Solar Radiation 

· Soots 

· Strong Inorganic Acid Mists Containing Sulfuric Acid 

· Sunlamps or Sunbeds, Exposure to 

· Tamoxifen 

· 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD); "Dioxin" 

· Thiotepa 

· Thorium Dioxide 

· Tobacco Smoking 

· Vinyl Chloride 

· Ultraviolet Radiation, Broad Spectrum UV Radiation 

· Wood Dust 

· X-Radiation and Gamma Radiation 

Probable Carcinogens (as defined by the International Agency for Research on Cancer (IARC)) 

"Probably Carcinogenic to Humans" (Group 2A) 
Agents and Groups of Agents 

· Acrylamide 

· Adriamycin 

· Androgenic (anabolic) steroids 

· Aristolochic acids (naturally occurring mixtures of) 

· Azacitidine 

· Benz[a]anthracene 

· Benzidine-based dyes 

· Benzo[a]pyrene 

· Bischloroethyl nitrosourea (BCNU) 

· 1,3-Butadiene 

· Captafol 

· Chloramphenicol 

· a-Chlorinated toluenes (benzal chloride, benzotrichloride, benzyl chloride) and benzoyl chloride (combined exposures) 

· 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU) 

· 4-Chloro-ortho-toluidine 

· Chlorozotocin 

· Cisplatin 

· Clonorchis sinensis (infection with) 

· Dibenz[a,h]anthracene 

· Diethyl sulfate 

· Dimethylcarbamoyl chloride 

· 1,2-Dimethylhydrazine 

· Dimethyl sulfate 

· Epichlorohydrin 

· Ethylene dibromide 

· N-Ethyl-N-nitrosourea 

· Etoposide 

· Glycidol 

· Human papillomavirus type 31 

· Human papillomavirus type 33 

· Indium phosphide 

· IQ (2-Amino-3-methylimidazo[4,5-f]quinoline) 

· Kaposi's sarcoma herpesvirus/human herpesvirus 8 (KSHV/HHV-8) 

· Lead compounds, inorganic 

· 5-Methoxypsoralen 

· 4,4?Methylene bis(2-chloroaniline) (MOCA) 

· Methyl methanesulfonate 

· N-Methyl-N?/i>-nitro-N-nitrosoguanidine (MNNG) 

· N-Methyl-N-nitrosourea 

· Nitrogen mustard 

· N-Nitrosodiethylamine 

· N-Nitrosodimethylamine 

· Phenacetin 

· Procarbazine hydrochloride 

· Styrene-7,8-oxide 

· Teniposide 

· Tetrachloroethylene 

· ortho-Toluidine 

· Trichloroethylene 

· 1,2,3-Trichloropropane 

· Tris(2,3-dibromopropyl) phosphate 

· Ultraviolet radiation A 

· Ultraviolet radiation B 

· Ultraviolet radiation C 

· Vinyl bromide 

· Vinyl fluoride 

Mixtures 

· Creosotes (from coal-tars) 

· Diesel engine exhaust 

· Hot mate 

· Non-arsenical insecticides (occupational exposures in spraying and application of) 

· Polychlorinated biphenyls 

Exposure Circumstances 
· Art glass, glass containers and pressed ware (manufacture of) 

· Cobalt metal with tungsten carbide 

· Hairdresser or barber (occupational exposure as a) 

· Petroleum refining (occupational exposures in) 

· Sunlamps and sunbeds (use of) 

[image: image1.jpg]Carbon Monoxide
Carbon Monoxide is colorless and odorless gas. It is very stable and has a lifetime

of 2 to 4 months in the atmosphere. There are many studies that show that high
concentrations of carbon monoxide can cause physiological and pathological changes and

also ultimately death. Carbon monoxide (CO) is a poisonous inhalent that deprives the

body tissues of necessary oxygen

Carbon Monoxide has long been known to cause death when exposure to a high
concentration (>750 ppm) is encountered. The combination of CO with hemoglobin leads
to carboxyhemoglobin, COHb, which cause the direct effect in reduction of the oxygen-
carrying capacity of blood. Figure I relates the percent hemoglobin tied up as a COHb as
a function of CO concentration in the environment and the exposure time. In addition,

Table I and II list the health effects attributed to certain CO levels in the environment and

COHD levels in the blood.
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[image: image10.png]Table 1 Chemicals from partictes in different emissions sources

Domunant Chemical Abundances in Percent Mass
Source Type Parlicle Size <0.1% 0.1t 1% 1t0 10% >10%
Paved Road Dust** ' '* Coarse Cr. Sk Pb, Zr SO,°. Na' K", P, Elemental Carbon (EC).  Organic Carbon
(2.5 10 10 um) S.Cl.Mn, Zn. Ba, Ti Al K, Ca, Fe (OC). Si
Unpaved Road Dust'®"'® Coarse NO; . NH,*, P, SO, Na'. K*,P.S, OC. Al K, Ca, Fe Si
Zn, Sr, Ba Cl. Mn, Ba,Ti
Construction'**'** '% Coarse Cr, Mn, Zn, Sr, Ba SO, K', S, Ti OC. ALK, Ca, Fe Si
Agriculture Soil'® Coarse NO; . NH,’. Cr. Zn, Sr  SO,", Na’, K", S, OC. ALK, Ca, Fe Si
Cl. Mn, Ba. Ti
Natural Soil"®*"® Coarse Cr, Mn, S, 2n, Ba CI' Na", EC.P. OC. Al Mg, K, Si
S, Cl Ti Ca, Fe
Lake Bed'®''® Coarse Mn, St Ba K*, Ti S0,%. Na'. OC, Al Si
S.CL K, Ca. Fe
Motor Vehicle'™*® Fine Cr,Ni, Y, Sr,Ba Si, CI, AL Si, P. Ca, CI. NO; . oC, EC
{0to2.5um) Mn, Fe, Zn, Br, Pb SO, NH,". S
Vegetative Burning® ¢ Fine Ca, Mn, Fe. Zn, NOy, SO, NH,", ClrL K. CLK OC, EC
Br, Bb, Pb Na+, S
Residual Oil Combustion®#'?  Fine K*,OC, CI, Ti, NH,' Na‘, Zn, V,0C,EC. Ni S, 50,
Cr.Co, Ga, Se Fe, Si
Incinerator™* 2 Fine V. Mn, Cu, K', Al Ti, NO;, Na',EC,Si,  SO.°,NH,", OC,ClI
Ag, Sn Zn, Hg S, Ca, Fe, Br, La, Pb
Coal-Fired Boiler™* Fine CI.Cr,Mn, Ga, As,  NH,", P, K, Ti, V. Ni, $0,". OC, EC, Al, Si
Se, Br, Rb, Zr Zn, Sr.Ba, Pb S.Ca. Fe
Ol Fired Power Plant?®%* Fine V. Ni, Se, As, Br. Ba Al Si,P.K, 2n NH,*, OC, EC, Na, 8.S0,"
Ca, Pb
Smeiter Fing™? Fine V, Mn, Sb, Cr, Ti Cd, Zn, Mg, Na, Fe, Cu. As, Pb S
Ca, K, Se
Antimony Roaster®™* Fine V, Ci, Ni, Mn S0, Sb, Pb S None reported
Marine'*"?*? Fine and Ti, V. Ny, Sr, Zr, Pd, Al Si, K, Ca, Fe, NO;. SO,", OC, EC CI, Na*, Na, C!
Coarse Ag. Sn, Sb, Pb Cu, Zn, Ba, La
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[image: image2.jpg]Environmental Condition of CO

Effects

9 ppm, 8-hr exposure

Ambient air quality standard

50 ppm, 6-wk exposure

Structural changes in heart and brain of animals

50 ppm, 50-min exposure

Changes in relative brightness threshold and visual

acuity

50 ppm, 8 to 12-hr exposure

Impaired performance on psychomotor tests

(nonsmokers)
Table I
COHb level (percent) Effects
less than 1.0 No apparent effect
10-20 Some evidence of effecton behavioral performance
20-50 Central nervous system effects; impairment of time-

interval discrimination, visual acuity, brightness

discrimination, and other psychomotor functions

more than 5.0 Cardiac and pulmonary functional changes

10.0 - 80.0 Headaches, fatigue, drowsiness, coma, respiratory

failure, death

Particulate Matter

Table II

Particulate matter (PM) alone or in combination with other pollutants constitutes a

very serious health hazard. The pollutants enter the human body mainly via the

respiratory system. Damage to the respiratory organs may follow directly since it has

been estimated that over 50 percent of the particles between 0.01 and 0.1 pm which

penetrate into the pulmonary compartment will be deposited there.

Particulate matter may exert a toxic effect in different ways as following:

1. The particle may be intrinsically toxic because of its inherent chemical and/or

physical characteristics.





[image: image3.jpg]2. The particle may interfere with one or more of the mechanisms which normally clear

the respiratory tract.

3. The particle may act as a carrier of an absorbed toxic substance.

It is extremely difficult to obtain a direct relationship between exposure to various

concentrations of PM and the resulting effects upon human health. The length of time of

exposure is really important. In some cases it has been observed that exposure to PM in

combination with other pollutants such as SO, produces more severe health deterioration

than does exposure to each pollutant separately. According to statistical analysis of such

data as increases in hospital admissions, absences from work, and mortality, Table III

lists observed effects of PM depending on measurement time and concentration.

Concentration | Measurement Time and Effects
(ng/m3) some condition
60 - 180 Annual geometric mean | Acceleration of corrosion of steel and
with SO2 and moisture | zinc panels
75 Annual mean Ambient air quality standard
150 Relative humidity less | Visibility reduced to 5 miles
than 70 percent
100 - 150 : - | Direct sunligh‘r;educed one-third
80 - 100 With sulfation levels of | Increased date rate of persons over
30 mg/cm?/month 50 may occur
100 - 130 With SO, > 120 pg/m® | Children likely to experience increased
incidence of respiratory disease
200 24-hr average and SOz | Illness of industrial workers may cause
> 250 pg/m? an increase in absences from work
260 Maximum once in 24 hr | Ambient air quality standard
300 24-hr maximum and * Chronic bronchitis patients likely to
502 > 630 ug/m’ suffer acute worsening of symptoms
750 24-hr average and SOz | Excessive number of deaths and large
> 715 pg/m3 increase in illness may occur

Table 111





[image: image4.jpg]Sulfur Oxides

Sulfur dioxide and sulfur trioxide are the dominant oxides of sulfur present in the

atmosphere. Sulfur dioxide is a nonflammable, nonexplosive, colorless gas that causes a

taste sensation at concentrations from 0.3 to 1.0 ppm in air. The oxides of sulfur in

combination with particulate and moisture produce the most damaging effects attributed

to atmospheric air pollution. Unfortunately, it has been proven difficult to isolate the

effects of sulfur dioxide alone. Only few epidemiologic studies have been able to

differentiate adequately the effects of the pollutants. Typical concentration data and

associated health effects are presented in Table IV.

Concentration

Effects

0.03 ppm, annual average

1974 air quality standard, chronic plant injury

0.037 - 0.092 ppm, annual
mean

Accompanied by smoke at a concentration of 185
ng/m3, increased frequency of respiratory
symptoms and lung disease may occur

0.11 - 0.19 ppm, 24-hr mean

With low particulate level, increased hospital
admission of older persons for respiratory diseases
may occur. Increased metal corrosion rate

0.19 ppm, 24-hr mean

With low particulate level, increased mortality may
occur

0.25 ppm, 24-hr mean

Accompanied by smoke at a concentration of 750
ng/m?, increased daily death rate may occur
(British data); a sharp rise in illness rate

0.3 ppm, 8 hr

Some trees show injury

0.52 ppm, 24-hr average

Accompanied by particulate, increased mortality
may occur

Hydrocarbons

Table IV

To date, studies of the effects of gaseous hydrocarbons have not demonstrated

direct adverse effects upon human health. Studies of the carcinogenicity of certain classes

of hydrocarbons do indicate that some cancers appear to be caused by exposure to





[image: image5.jpg]aromatic hydrocarbons found in soots and tars. Unburned hydrocarbons in combination
with the oxides of nitrogen in the presence of sunlight form photochemical oxidants,
components of photochemical smog, that do have adverse effects on human health and on

plants as discussed in the following section.

Oxides of Nitrogen

Generally, nitrogen dioxide (NO,) acts as an acute irritant and at the same level of
concentrations is more injurious than nitrogen monoxide (NO). However, in the
atmosphere, NO, concentrations are usually found at the level of only little effects to
chronic pulmonary fibrosis. Some increase in bronchitis in children (2 to 3 years old) has
been observed at concentrations below 0.01 ppm. It is because of the chemical reaction
with unburned hydrocarbons, as mentioned before, that the primary air quality standard
for the oxides of nitrogen has been set as 100 pg/m’ annual average.

(81 05Tppm )

Photochemical oxidants

Oxidizing agents, ozone (O3), peroxyacetyl nitrate (PAN), peroxybenzoyl nitrate
(PBN), and other trace substances which can oxidize the iodide ion of potassium iodide
are termed photochemical oxidants. Ozone and PAN are normally at the highest level of
concentrations, and the damaging effects of photochemical smog are generally related to
the concentrations of these species. Oxidants, primarily PAN and PBN, cause severe eye
irritation, and in combination with ozone, they irritate the nose and throat, cause chest
constriction, and at high concentration (3900 pg/m’®) produce severe coughing and
inability to concentrate. Table V and VI present a summation of the effects of

photochemical oxidants and ozone.

Asbestos and Metals

Many studies have shown a higher than expected incidence of bronchial cancer
among people whose occupation expose them to asbestos. In addition, asbestos has been
identified as a causal factor in the development of cancers of the membranes lining the
chest and abdomen. Beryllium has also proved dangerous to health, producing both acute

and chronic lethal inhalation effects as well as causing damage to the skin and eyes. Most





[image: image6.jpg]of the cases studied concern occupational exposure. Exposure to metallic mercury vapors

may cause injury to the central nervous system and kidneys. Mercury also can

accumulate in the body system, eventually causing brain damage.

Concentration Ozone
ppm ng/m? Exposure Effects k
0.02 40 L hr Cracked, sfrefched\/igbbe;,)
0.03 60 8 hr Vegetation damage
0.10 200 Lhr Increased airway resistance
0.30 590 Continuous working | Nose and throat irritation,
hours chest constriction
2.00 3900 2 hr Severe cough
Table V
Concentration Photochemical oxidants
ppm pg/m3 Exposure Effects
0.05 100 4 hr Vegetation damage
0.10 200 Eye irritation
i e om Aggravation of respiratory
diseases
0.03 1hr Impaired performance of
athletes
0.08 160 1-hr maximum Air quality standard

Table VI





[image: image7.jpg]Hazardous Pollutants (Air Toxics)

Toxic (also called hazardous) air pollutants are those pollutants that are known or
suspected to cause cancer or other serious health effects, such as reproductive effects or
birth defects, or to cause adverse environmental effects. The degree to which a toxic air
pollutant affects a person's health depends on many factors, including the quantity of
pollutant the person is exposed to, the duration and frequency of exposures, the toxicity
of the chemical, and the person's state of health and susceptibility. For example, inhaling
the benzene fumes that are given off when you pump gas into your car can increase your
chances of experiencing health effects that have been associated with exposure to
benzene, such as lukemia.

The 1990 Clean Air Act Amendments list 188 toxic air pollutants that EPA is
required to control. (The list originally included 189 chemicals. Based on new scientific
information, EPA removed caprolactam from the list in 1996; thus, the current list
includes 188 pollutants.) Examples of toxic air pollutants include benzene, which is
found in gasoline; perchloroethylene, which is emitted from some dry cleaning facilities;
and methylene chloride, which is used as a solvent and paint stripper by a number of
industries. Examples of other listed air toxics include dioxin, asbestos, toluene, and
metals such as cadmium, mercury, chromium, and lead compounds.

People who are exposed to toxic air pollutants at sufficient concentrations and for
sufficient durations may increase their chances of getting cancer or experiencing other
serious health effects. Depending on which air toxics an individual is exposed to, these
health effects can include damage to the immune system, as well as neurological,
reproductive (e.g.,reduced fertility), developmental, and respiratory problems. A growing
body of evidence indicates that some air toxics (e.g., DDT, dioxins, and mercury) may
disturb hormonal (or endocrine) systems. In some cases this happens by pollutants either
mimicking or blocking hormones. Health effects associated with endocrine disruption

include reduced fertility, birth defects, and breast cancer.





Sources of Air Pollution

· Urban and Industrial Sources 

· Power Generation

· Industrial Facilities

· Transportation
· Process Emissions
· Waste Disposal
· Construction Activities
· Agricultural and Other Rural Sources 

· Dust blowing

· Slashing Burning

· Soil Emissions

· Pesticides
· Decaying Wastes
· Natural Sources 

· Wind Erosion of Soil

· Volcanic Eruptions

· Biogenic Emissions

· Sea Spray and Evaporation

· Soil Microbial Processes

· Natural Decay of Organic Matter

· Lightning
Atmospheric Pollutants

Particulate Matter

Particulate Matter:  Solid or liquid particles suspended in a gas.  Particulate matter may be emitted directly as particles or formed in the atmosphere by gas-to-particle conversion processes.  They include a wide range of phenomena such as dust, fog, fume, smoke, mist, fog, clouds, smog, soot, and haze.  Atmospheric particulate matter ranges in size from a few nanometers to tens of micrometers in diameter (up to 30 - 50 (m).

 Size of Atmospheric Particles:   Atmospheric particles come in various shapes.  The majority of atmospheric particles are not spheres, may be with the exception of some combustion products.  Thus, equivalent diameter is the used to characterize the size of the particles.  An equivalent diameter is the diameter of the sphere that has the same value of a particular physical property as that of an irregular shape.   Traditionally, we use aerodynamic diameter to describe the size of the particle.

Aerodynamic diameter: two particles with the same Stoke stopping distance for any initial velocity in air with the same viscosity are called to have the same aerodynamic diameter.  If one refers to an unit density (1 g/cm3) and the same terminal gravitational settling velocity in still air as the actual particle in question, then the aerodynamic diameter is defined as 


daerodynamic   = dparticle x ((particle) 0.5 , where

daerodynamic = 
equivalent aerodynamic diameter of a particle, micrometer;

dparticle =
actual diameter of a particle, micrometer;

(particle =
actual density of a particle, g/cm3
Ultrafine particles: particles cover the range from large molecules to about 100 nm (0.001 to 0.1 (m)

Fine particles: particles less than 2.5 (m in diameter

Coarse particles: particles greater than 2.5 (m in diameter

PM2.5: particles less than 2.5 (m in diameter

PM10: particles less than 10 (m in diameter

Particle Modes: The mass distribution of particle size.  More particles are found in three (or four) modes:  

· Nucleation mode: varies from 0.005 to 0.1 (m and peaks at ~ 0.08 (m, accounting for the preponderance of particles by number.  Particles are emitted directly from combustion sources or that condense from cooled gases soon after emission.  The mass accounts for a very small percentage of the total mass.

· Accumulation mode: extends from 0.1 to 2.5 (m, which accounts for most of the aerosol (particle) surface areas.   The mass accounts for a substantial amount of the total mass.  These particles are formed by coagulation of particles in the nuclei mode or from condensation of vapor onto existing particles, or from anthropogenic/geologic sources of fine dust.  It is reported in the literature that two sub-modes may show in the accumulation range: mode dominated by the "condensation" mode and mode dominated by the "droplet" mode.   

· Coarse mode (or sedimentation mode): It varies between 2.5 to 25 (m and peaks at around 10(m.  The mode is formed by mechanical processes that usually consist of man-made and natural dust particles. 
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Chemical Components of Particles:  Sulfate, ammonium, nitrate, sodium, chloride, trace metals, carbonaceous material (organic carbon and element carbon), crustal elements (oxides of aluminum, silicon, calcium, titanium, and iron), and water.  Chemical components give fingerprints of the emission sources.
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FIGURE 11.2 Predicted total respiratory deposition at three levels of exercise based on

ICRP deposition model. Average data for males and females. Inset does not include the ef
of inhalability.




Effects of PM on Atmospheric Visibility

Rayleigh scattering:  Any scattering process produced by spherical particles whose radii are small than about one-tenth the wavelength of the scattered radiation.

-dI = bext I dx

where

I = 
Intensity

bext =
Extinction coefficient

dx = 
Length of the light path

Integrate the equation and apply the boundary condition (x = 0, I = Io), we have,

I = Io exp(-bext d)

Where Io is the original intensity at x = 0.

The extinction coefficient typically represents the effects of light scattering and absorption by gas molecules.

bext = bRayleigh + babs-gas + babs-part + bscat-part 

The lower limit of visibility for most people occur when the light intensity (or contrast) is reduced to be 2 % of the unattenuated light beam, i.e., I / Io  = 0.02

ln(I/ Io) = - bext d

ln(0.02) = - bext L

L = 3.9/ bext    


(Koschmieder Equation)
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