Chapter 1:

Environmental Science - study of the earth, air, water, and living environments and the effects of technology thereon.

Technology - ways in which humans do and make things with materials and energy.

Environmental Chemistry - study of the sources, reactions, transport, effects, and fates of chemical species in water, soil, and air environments and the effects of technology thereon.

Biogeochemical cycles - describe circulation of matter through ecosystems.


endogenic - subsurface


exogenic - has atmospheric component

Contaminant  - deviation from normal composition.

Pollutant - substance present in greater than natural concentration as a result of human activity that has a net detrimental effect upon the environment or upon something of value in the environment.

Hazardous waste - potentially dangerous substance that has been discarded, abandoned, neglected, released, or designated as a waste material or one which may interact to pose a threat.
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Technology - ways in which humans do and make things with materials and energy.

Advances of present century largely due to


Electronics


Materials

Engineering - use of fundamental knowledge acquired through science to provide plans and means to achieve specific objectives in areas such as manufacturing, communication, and transportation.


Mechanical - machines and power usage


Electrical - electrical energy


Electonics - electrons in vacuum tubes


Chemical - products and materials

Infrastructure - utilities, facilities, and systems used in common by members of a society and upon which the society depends for its normal functions.


Transportation systems


Energy generating and distribution systems


Buildings


Telecommunications systems


Water supply and distribution systems

Waste treatment and disposal systems

Anthrosphere  - that part of the environment made or modified by humans and used for their activities.


Dwellings - land use, materials, energy


Commercial and service buildings


Utilities


Transportation - land use, energy, pollution


Food production - land use


Machines 

automation - use of automatic devices


Communications


Extractive industries

Effects of anthrosphere on earth

Gaia hypothesis - organisms on Earth have modified Earth's climate and other environmental conditions, such as by regulating the CO2/O2 balance in the atmosphere, in a manner conducive to the existence and reproduction of the organisms.

Industrial ecology - approach based upon systems engineering and ecological principles that integrates the production and consumption aspects of the design, production, use, and termination of products and services in a manner that minimizes environmental impact.

Industrial ecosystem - group of interrelated firms functioning together in the practice of industrial ecology.

Industrial metabolism - utilization of energy and materials by an industrial ecosystem.

Environmental Chemistry - study of the sources, reactions, transport, effects, and fates of chemical species in water, soil, and air environments and the effects of technology thereon.

Green Chemistry
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Aquatic chemistry  - study of chemical phenomena in water.


Quality and quantity of water in history


Water borne diseases

Hydrology - study of water


Limnology - fresh water


Oceanography - oceans

Hydrologic cycle 

Oceans


Freshwater


Atmospheric water / clouds


Icecaps / glaciers


Groundwater

Distribution of precipitation in continental US:


Non-uniform  (map, p. 58)


Avg. precipitation = 1.48 x 1013 L/day  (30 in/yr)


Evap. And transp. = 1.02 x 1013 L/day (70%)


Current consumption = 1.6 x 1012 L/day (11%)



Agriculture and industry = 46%

Characteristics of bodies of water


Surface water - streams, lakes, reservoirs


Wetlands - flooded areas


Estuaries - streams / oceans


Thermal stratification



Epilimnion - top (warmer) layer



Hypolimnion - lower (cooler) layer



Thermocline - shear-plane

Aquatic life (biota)


Autotrophic - producers (algae)


Heterotrophic - reducers / decomposers


Productivity - amt of living material produced



Temperature



Transparency

Turbulence - nutrients

Chemistry

Acid / base


Hydrated metal ions


Complexation


Oxidation / reduction

Gases in H2O


Henry's Law - [Xaq] = kxPx



Depends on Temp and turbulence


O2


Day - photosynthesis



Nite - reverse

Acidity  - capacity of water to neutralize OH-

Determined by titr to methyl orange endpoint


Mostly due to weak acids


Hydrated metal ions

CO2 in water


Distribution of species

Alkalinity - ability of water to accept H+
Metal ions

Complexation and chelation
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Oxidation - loss of electrons (anode)


Reduction - gain of electrons (cathode)


Processes must be simultaneous

Standard reduction potentials - potential of a half-reaction, written as a reduction, relative to the standard hydrogen electrode, under standard conditions


Cell potential - sum of anode and cathode


Nernst Equation




E = Eo - 0.059 log Q







   n



Gibbs Free Energy

Microorganisms - mediate many redox reactions

Relationship to H+ / OH-

pE  = - log (e-  = E/0.059  at 25o C in H2O

or pEo = Eo/0.059

analogous to pH,



low pE = reducing conditions in H2O



high pE = oxidizing conditions in H2O


pE = pEo - pH  

reactions in terms of 1 electron mole

limits of pE in H2O:

ox:   2 H2O  ( 4 H+  +  O2 + 4 e-      pEo = 20.75

red:  2 H+ + 2 e-  (  H2


 pEo = 0.00

surface water should have pE about 13.8

groundwater should have pE about -4.0

pH-pE diagrams

Corrosion - destructive alteration of metal through interaction with its surroundings.
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Sediments - mixture of sand, silt, clay, organic matter, and minerals.  Variable composition.


high Ca2+ and PO43-  (  hydroxyapetite


high Ca2+ and CO2  (  CaCO3

anaerobic (bottom)



SO42- ( H2S  and  Fe3+ (  Fe2+ , so ( FeS  

Pore water - held in pores within sediment mass

Solubilities:


Ksp = ion product constant


Must add intrinsic solubility


Common ion effect - decreases solubility


Factors which increase solubility



Competing equilibria



Complexation



Competing reactions

Solubilities of gases - Henry's Law (p. 126)

Colloid - particle size between 1-0.001 (
-not true solution



-exhibits Tyndall effect

hydrophilic colloids - attracted to water


proteins, synthetic macromolecules



no salt effect (do not settle out)


hydrophobic colloids - not attracted to water



charged particles, such as clay



electrical double layer



salt effect

association colloids - aggregates of ions and molecules to form micelles, such as soap

stability depends on hydration and surface charge; may be pH dependent


ion absorption


ion replacement

coagulation - clumping of colloids; must neutralize charge

flocculation - addition of bridging compounds

polyelectrolyte - synthetic or natural macromolecule with ionizable functional groups

bacterial floc - aggregated bacterial cells

surface sorption - functional groups, such as -OH, form chelates

ion exchange - cations and anions (PO43-)



clays - large surface area



CEC = cation exchange capacity (meq/100g)



ECS  = exchangeable cation status

Trace-level metals - depends on oxidation state
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Microorganisms - catalysts of aquatic chemical reactions



Prokaryotes  - no nuclear membrane



Eukaryotes - well defined nucleus

Chemotrophs - use energy from redox reactions of simple inorganic species

Phototrophs - use light energy 

Heterotrophs - obtain C from other organisms

Autotrophs - use inorganic C

Viruses - 0.025 - 0.100 (, difficult to remove



Must have host 



Many serious diseases

Protozoans - single eukaryotic cellular animals



Several major diseases

Fungi - nonphotosynthetic organisms which 

frequently possess a filamentous structure

aerobic and can handle acidic environment

secrete cellulase (exoenzyme)

Algae - primary producers of biomass in water



Photosynthesis 

Require N, P, S, and trace elements

In dark phase consume O2
Chrysophyta - marine or aquatic (include diatoms)

Chlorophyta - aquatic (green algae)

Pyrrophyta - motile (dinoflagellates)

Euglenophyta - may use other C sources

Bacteria - 0.5 - 3.0 ( unicellular prokaryotes



Form of rods (bacilli), spheres (cocci), or spirals



(spirochetes)



May exist singly or in colonies



Typical cell - 



Aerobic - requires O2 as electron receptor



Anaerobic - O2 is toxic



Facultative -  can utilize O2 or something else



Bacterial growth -




Lag phase




Log phase




Stationary phase




Death phase




Temperature effects





Psychrophilic  - optimum T < 20oC





Mesophilic - optimum T  20 - 45 oC





Thermophilic - T > 45 oC




pH effects

Bacterially mediated reactions -

1. Formation of CH4
Fermentation - all anaerobic


Methanobacterium


Methanobacillus


Methanococcus



Methanosarcina

2. Hydrocarbon breakdown



Methanomonas - oxidizes CH4


Higher hydrocarbons




Micrococcus




Pseudomonas




Mycobacterium




Nocardia



Mechanisms 




( - oxidation (straight chain HC's)




epoxidation - aromatic rings

3. CO - mostly from soil by fungi
4.  Nitrogen Cycle  


Fixation - 



In water, Azotobacter and Clostridium


In soil, Rhizobium on legume root nodules



Haber process - human input


Nitrification - plant uptake



Nitrosomas



Nitrobacter


Nitrate reduction


Denitrification

5.  Phosphorus - 


Nutrients for algae


Toxic insecticides - readily biodegrade

6.  Sulfur


Oxidation - (Thiobacillus thiooxidans - pH = 0)


Reduction - 


Organosulfur compounds

7.  Iron and Manganese bacteria


Fe2+ ( Fe3+   (aerobic, CO2 as C source)



Ferrobacillus



Gallionella



Sphaerotilus


Acid mine waters


Oceanic Mn cycle ( Mn nodules

8.  Miscellaneous -


Se


Corrosion
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The main problem in an industrial society is not disease organisms, but toxic chemicals (especially in ground water).

1. herbicide and pesticide runoff

2. industrial waste

3. waste chemical dumps and landfills

Simplified pollutant cycle

General types of water pollutants


Trace elements - low conc (few ppm)



Heavy metals - high S affinity

· may bind to cell membranes

· form organometallic cpds

Inorganic species


Plant nutrients


Sewage


Organics


Radionuclides
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Water treatment depends on source and intended use.


Domestic use - remove pathogens


Industrial use - remove hardness, metals, etc


Wastewater - make suitable for discharge

1. Municipal water treatment



aeration



lime



settling basin



CO2


settling basin



Cl2


Filtration

2.  Industrial water - depends on usage

External treatment - similar to municipal

Internal treatment

3. Wastewater Treatment

Primary treatment 



Screening - big stuff



Settling tank




Grit and grease


Secondary treatment

Small - trickling filter or rotating biological reactor



Large - activated sludge




Sludge removal





Landfill





Anaerobic digestion (CH4)





Soil conditioner (heavy metals)



Septic tank


Tertiary treatment - specific problems

4.  Physical-Chemical Treatment of Wastewater


remove scum and solid objects


clarification (coagulation)


filtration (sand)


activated C


disinfection

5.  Industrial Wastewater Treatment


Solids


Inorganics



Ppt with lime



Ion exchange



Sludge



Reverse osmosis



Electrodialysis


Phosphates and nitrogen


Disinfection



Chlorine



Ozone



Natural processes
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Atmosphere - thin layer of gases covering earth (90% of the mass is in lowest 30 km)

Importance -

1. source of CO2, O2, N2
2. water transport
3. absorbs solar radiation (not ( = 300-2500 nm)
4. insulation
History - originally reducing atmosphere

Composition -


Major components 



N2 = 78.1%



O2 = 21.0%


Minor components



Ar = 0.9%



CO2 = 0.035%


Noble gases and trace gases



+ H2O (up to 5%)

Variation of T and P with altitude

    1. Troposphere - weather

2.  Stratosphere - O3 layer
3.  Mesosphere
4.  Thermosphere - up to 1200oC
Energy Transfer -



Conduction - contact of particles



Convection - movement of air masses



Radiation - transfer through space (vacuum)

Radiation budget -

Greenhouse effect - mostly H2O (but H2O does not absorb between 8.5 (m and 11 (m, and CO2 does)

Meteorology - science of atmospheric phenomena

Main factor is distribution and re-radiation of solar energy 

Weather - short-term variations



     - caused by movements of fronts (leading 



        edges of air masses)

1. temperature

2. clouds

3. winds - movement of air masses ((P)

4. humidity - water content

5. horizontal visibility

6. precipitation (type and amount)

7.  pressure

Climate - long-term variation within a particular geographical region.

Global weather - generally predictable patterns 

· Hadley cells and Coriolis effect

Note: about 50% of heat is redistributed by air circ.



      30% by H2O vapor or latent heat



      20% by ocean currents

microclimate - in restricted region, such as forests




  - most vulnerable to human effects

human effects - greenhouse effect




      ozone depletion

Atmospheric chemistry
Reactions - difficult to study (low conc)

1. inorganic oxides

2. oxidants - O3
3. reductants - CO, SO2, H2S

4. organics - CH4
5. photochemically active species

NO2, salts, radicals

Photochemical reactions  - require light as energy


SO2 + light  (  SO2* (excited molecule)



singlet ( excited singlet ( triplet


Reactions:

1. quenching - transfer to another body

2. dissociation

3. reaction

4. luminescence

5. intermolecular transfer

6.  isomerization (organics)

7. photoionization

ions - charged species

        - ionosphere (>50 km)

free radicals - unpaired electron

- chain reactions



*OH = hydroxyl radical (10-5-10-6 / cm3)



*OOH = hydroperoxyl

Reactions in the atmosphere

Acid / base  ( salts (corrosive)   -  NH4Cl, etc

O2 - oxygen cycle


Ozone - 2 O3  ( 3 O2
H2O - production of *OH and *OOH
N2 - nitrogen cycle
CO2 - increasing at about 1 ppm / year

Particulates - catalyze reactions




- serve as nuclei for condensation
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Types of particulates:


Aerosols - colloidal sized particles < 100 (m




 - may be solid or liquid



condensation - formed by joining




 - usually small size and acidic



dispersion - formed by fragmentation

- usually larger and basic (less damaging)


haze - indicates decreased visibility


mist - indicates liquid particles

fog - indicates water droplets

smoke - indicates combustion products.

behavior -


- smaller particles exhibit Brownian motion


- larger particles settle out (sedimentation)



velocity proportional to density and d



obey Stokes Law

Inorganic particles


Metal oxides - many toxic


SO2 ( H2SO4

CaCO3

Salts


"fly ash" - much carbon black


toxic substances



Hg, Pb, Be, asbestos, radioisotopes

Organic particulates 


PAH's (polycyclic atomatic hydrocarbons)



- can be formed by free radical reactions



- carcinogens

H2O  - acidic

Effects of particulates


Reduced visibility


Catalytic sites


Nucleation



Health

Control of particulates
1. sedimentation - not very efficient

2. inertial mechanisms - centrifugation

3. filtration - baghouses

4. scrubbers - lime

5. electrostatic precipitators
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Inorganic Air Pollutants

CO
- about 0.1 ppm, residence time 36-110 days


- mostly natural, about 6% due to man



deg of chlorophyll and ox of CH4

- removed from air by rx with .OH


- soil acts as sink

SOx - 100 M metric tons / year from man


- mostly from burning coal


- SO2 reactions



photochemical



with .OH



in H2O with other species



on particulates


- SO2 effects - toxicity


- SO2 removal - scrubbers

NOx - 100 M metric tons / year from man


- mostly from internal combustion engines


N2O - nitrous oxide - fairly unreactive


NO - nitric oxide - free radical, toxic


NO2 - nitrogen dioxide - toxic

Acid rain - H2SO4, HNO3, HCl


- streams and high altitude lakes


- harmful to fish and plants

NH3 - lots of natural sources


- removed with H2O and as base


- forms ammonium salts with acids

F2, HF - produced by aluminum refining and PO43- production


  - very toxic, especially to plants

Cl2, HCl - produced by burning plastics



 - used in water treatment

H2S - toxic
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Effects of organic air pollutants:


Direct - cancer, etc


Secondary - indirect - smog, etc

Fates - rain, dry ppt, particulates, uptake by plants


- cuticle layer is lipophilic


- reaction with .OH

Global distribution - by volatility (naturally distill)

Anthropogenic - only about 15%

Biogenic - produced by living organisms 


     - plants, microorganisms, fires, wastes



 - CH4 - domestic animal flatulance




    - bacterial decay of (CH2O)



 - C2H4 - from plants - reacts with .OH



 - terpenes - oils from plants





     - ox by .OH, NO3, O3


 - esters - noticeable, but negligible

Pollutants

Hydrocarbons - mostly from petroleum





     - worst from incomplete comb.


Alkanes - fairly stable; react with free radicals


Alkenes - much more reactive; ox across =




  - many from gasoline




  - monomers from industrial sources


Alkynes - not very common, C2H2

Aryls (Aromatics) - single ring vs PAH



Reaction with .OH ( phenols 

Functional groups


Carbonyls - aldehydes and ketones





- formed by radical reactions





- group is a chromophore





- react to form more radicals



formaldehyde



acetone


Alcohols - methanol, ethanol, isopropanol





ethylene glycol - industrial


Phenols - produced by pyrolysis of coal


Ethers - fairly unreactive


Carboxylic acids - water solubility removal 


Organohalides -



Chlorofluromethanes - ozone depletion



perflurocarbons


Organosulfur compounds - thiols


Organonitrogen compounds - amines, amides



Arylamines - carcinogenic
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Smog - smoke + fog

Historical - London fog - SO2 (reducing)


Current - oxidizing smog - CA - O3, NOx


Formation:  NOx  +  HC  +  h(   (  smog

Main source of HC and NOx is automobile engines


1.  crankcase - blowby - PCV valve


2.  fuel system - vents


3.  exhaust - main source




catalytic converters - Pd

Emission controls -

Reactions -


CH3COONO2 = peroxyacetyl nitrate (PAN)


Complex, multistep, radical mechanisms



HC's catalyze NO ( NO2

Smog formation as time of day

Inorganic products -

Sulfates -  SO2 (  SO42-  faster in smog



- rx with NH3 ( salts
Nitrates - 


NO2  (  NO3


NO2 +  NO3  ( N2O5 


N2O5 + H2O  (  2 HNO3

HNO3  +  NH3  (  NH4NO3
Effects of smog:

1. human health - respiratory, eyes

2. materials - corrosion, rubber (ozone)

3. atmospheric effects - visability, aerosols

4. plants - leaf damage
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Gaia hypothesis - O2 / CO2 balance determines and maintains earth's climate and environmental conditions.

Human activities:

1. industry

2.  fossil fuel combustion

3. transportation

4. alteration of land surfaces

5. burning of biomass

6. agricultural practices

Greenhouse gases and Global warming

Acid rain

Ozone layer destruction

Photochemical smog

Nuclear winter

Solutions?

1. reduce emissions, conserve, alternate fuels

2. counteractive measures

3. adapt

